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ABSTRACT 
Transport is a crucial practice in farm animal management. In modern farm systems the 
economic interests make reducing the risks related to transport practice an important goal. For 
these reasons an increasing attention is directed to the welfare of animals in transit, also 
considering the new existing facilities. In recent years the results coming from the study of animal 
farm behaviour were used as tool to assess the welfare, especially during handling and restrain 
situation. 
In this thesis were analyzed behavioural patterns, jointly with blood variables, to evaluate the 
stress response of piglets and young bulls during transport. Since the animal behaviour could be 
very different between individuals and these differences can affect animal responses to aversive 
situations, the individual behavioural characteristics were taken in account. 
Regarding young bulls, selected to genetic evaluation, the individual behaviour was investigated 
before, during and after transport, while for piglets was adopted a tested methodology 
classification and behavioural tests to observe their coping characteristics. 
The aim of this thesis was to analyse the behavioural and physiological response of young bulls 
and piglets to transport practice and to investigate if coping characteristics may affect how piglets 
cope with aversive situations.  
The thesis is composed by four experimental studies. The first one aims to identify the best 
existent methodology classification of piglets coping style between those that were credited in 
literature. The second one investigated the differences in response to novel situations of piglets 
with different coping styles.  
The last two studies evaluated the stress response of piglets and young bulls to road 
transportation. 
The results obtained show that transport did not affect strongly the behaviour and homeostasis 
of young animals which respond in a different way from adults. 
However the understanding of individual behavioural characteristic and the use of behavioural 
patterns, in addition to blood analyses, need to be more investigated in order to be useful tools to 
assess the animal response in aversive situation, as transports. 
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 1 
BACKGROUND 
 
 
 
 
 
Humans might induce stress in all farm animals, and in many 
different way, so we have to pay attention to their behaviour in order 
to develop new strategies to reduce their stress. 
 
Evaluating the welfare of another species, often of our own, is not 
easy and the scientific assessment of welfare must be separated from 
any moral judgement. Welfare is a characteristic of an individual at 
the time of observation or measurement, so it can be assessed in an 
entirely objective way. 
 
The farm animals are transported for century but only recently there 
has been questioned on the impact of a journey on their welfare. 
The coping strategy adopted by the animal can have an effect on 
responses to the transport situation. In order to be able to improve 
the welfare of livestock which are being handled or transported, it is 
necessary to make measurements which allow the assessment of 
individual coping strategy and transport stress. 
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INTRODUCTION 
1 INDIVIDUAL COPING CHARACTERISTICS  
Psychosocial factors have long been recognized as important in health and disease both in man 
and in animals. It is not the physical characteristics of a certain aversive stimulus but rather the 
cognitive perception of that stimulus, which determines its aversive character and whether a state 
commonly described as stress is induced. The impact of aversive stimuli or stressors is determined 
by the ability of the organism to cope with the situation.  
There are many definitions of “individual coping characteristics” in the literature, ranging from 
specific to general and more communally called “coping style”. 
In humans coping is “problem-solving efforts made by an individual when the demands he [or 
she] faces are highly relevant to his [or her] welfare (that is, a situation of considerable jeopardy or 
promise) and when these demands tax his [or her] adaptive resources.” Lazarus et al. (1974). 
For Wechsler (1995) “coping behaviour is a response to aversive situations.”, Koolhaas et al. 
(1999) say that coping is “a coherent set of behavioral and physiological stress responses which is 
consistent over time and which is characteristic to a certain group of individuals”. 
Although worded differently, these definitions all view coping as a response by the individual to 
a disturbance. Since stress is defined as the disruption of homeostasis by an intrinsic or extrinsic, 
physical or psychological force (Avitsur et al., 2006), in this review coping refers to the response by 
the animal to stress. 
Successful coping depends highly on the controllability and predictability of the stressor (Ursin 
et al., 1993; Weiss, 1968). A consistent finding across species is that whenever environmental 
stressors are too demanding and the individual cannot cope, its health is in danger. For this 
reason, it is important to understand the mechanisms and factors underlying the individual’s 
capacity to cope with environmental challenges. 
The possibility of distinct coping styles was investigated in domestic animal species, including 
pigs. The most successful results have been found in mice and rats, which show that individuals’ 
responses fall into two distinct categories, referred to as coping styles (Koolhaas et al., 1999).  
Henry and Stephens (1977) popularized the theory of the presence of two types of coping 
styles. Names of the two styles differ between articles, but characteristics of the styles are 
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consistent. Originally described as the “fight-flight response”, one coping style is most commonly 
known as “active response” (Koolhaas et al., 1999). However, since some of the behavioural 
characteristics of “active response” style are not what some would consider active, this style is 
also referred to as “proactive” (Koolhaas et al., 1999). The second coping style is sometimes 
known as “conservation-withdrawal response” (Engel and Schmale, 1972). It is commonly referred 
to as “passive response” (Koolhaas et al., 1999). As with the first coping style, the notion of 
“passive” can be misleading, therefore, this coping style is also referred to as “reactive.” For 
clarity, the two coping styles will be labelled proactive and reactive.  
Proactive animals actively try to remove or escape stressors while reactive animals tend to 
freeze. 
In accordance with their behaviours, proactive animals seem to activate more their sympathetic 
nervous systems in response to stress, preparing them to fight or flee the stress source. 
The main behavioural characteristic that distinguishes proactive and reactive coping styles in 
mice and rats are show in Table 1. 
Although studies are conflicting (Forkman et al., 1995; Erhard and Mendl, 1997; van Erp-van der 
Kooij et al., 2000), some scientists have found evidence that also in pigs, as in mice and rats, two 
different coping style are present (Hessing et al., 1993; Koolhaas, 2008; Koolhaas et al., 1999).  
 
 
Table 1 
Summary of the behavioural differences between proactive and reactive male rats and mice (Koolhaas et al., 1999). 
 
Behavioural characteristics 
 Proactive  Reactive References 
Attack latency  Low High Oortmerssen et al., 1981 
Active avoidance  High Low Driscoll et al., 1990; Benus et al., 1989 
Defensive burying High Low Sluyter et al., 1996 
Nest-building High Low Sluyter et al., 1995 
Routine formation High Low Benus et al., 1990 
Cue dependency Low High Benus et al., 1987; Sluyter et al., 1996 
Conditioned immobility Low High Benus et al., 1987 
Flexibility Low High Bohus et al., 1987 
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1.1 Behavioural test of Coping style 
Several behaviour tests used in pigs measure characteristics similar to those that distinguish 
proactive and reactive coping styles in mice and rats.  
One of the main characteristics distinguishing proactive and reactive coping styles in mice and 
rats is aggression (Benus et al., 1991). Procedures for testing pigs were adapted by Erhard and 
Mendl (1997) from aggression tests used for rodents. 
A resident intruder test is commonly used to evaluate aggression in pigs. For the test, a portion 
of a litter’s home pen is sectioned off via a solid divider to create a test area. Pigs from the home 
pen litter, “residents,” are placed in the test area individually. An “intruder” pig from an unfamiliar 
litter is placed in the test area with the resident. Interaction of pigs is observed for up to 5 
minutes, preferably no more than 3.5 minutes. As soon as an attack occurs, or when time expires, 
whichever occurs first, the pigs are separated and returned to their original pens. Attack 
occurrence and attack latency, time from first contact to attack, are used to classify pigs as 
aggressive or non-aggressive in many studies. Presence of attack and decreased latency were 
criteria to label pigs as aggressive (D'Eath and Pickup, 2002). 
Response to novelty (which is one topic of Chapter2) is another characteristic that distinguishes 
rodents with different coping styles. Similar to mice and rats, an open field test can be used to 
measure this characteristic in pigs. For testing, pigs are removed from their home pens and 
individually placed in a novel environment. Behaviour is recorded for duration of the test, typically 
5 to 10 minutes. Behaviours include locomotion, standing motionless, eating or drinking, urinating 
or defecating, and vocalizations (Giroux et al., 2000; Hessing et al., 1994; Jensen et al., 1995a). 
A novel object test can also be used to measure response to novelty. This test can take place in 
a pig’s home pen (van Erp-van der Kooij et al., 2002), a sectioned off portion of a home pen, 
similar to the area created for resident intruder testing (Forkman et al., 1995), or in a novel setting 
(Hessing et al., 1994; Jensen et al., 1995a; Spoolder et al., 1996). 
Novel object tests are commonly performed in combination with open field and open door 
tests (Hessing et al., 1994; Jensen et al., 1995a; van Erp-van der Kooij et al., 2002). Tests can be 
performed with individual pigs (Hessing et al., 1994; Jensen et al., 1995a; Spoolder et al., 1996), or 
groups (van Erp-van der Kooij et al., 2002). For individual tests a pig is placed into the test area and 
allowed a short adjustment period, this time is typically the novel environment test. Behaviours of 
the pig(s) are recorded in response to novel object introduction for duration of testing, between 3 
and 15 minutes (Forkman et al., 1995; Ruis et al., 2001). Behaviours recorded vary between 
Introduction 
6 
studies, but often include latency to contact object, duration of object exploration, and 
vocalization (Forkman et al., 1995; Hessing et al., 1994; Ruis et al., 2001; van Erp-van der Kooij et 
al., 2002). 
These cross-species characteristics could be helpful to develop a reliable test of coping style in 
pigs and some researchers have already attempt to find a way.  
It is important to emphasize that the differentiation in coping styles may not be expressed 
equally clearly in all challenging situations. In particular, tests that measure aspects of initiative or 
proactively seem to be most discriminative. This holds, for example, for latency measures such as 
the attack latency test in males or the defensive burying test, which allow the animal a choice 
between proactive and reactive coping. 
If reliable tests of coping styles in pigs were found, perhaps lines with different coping styles 
could be created and producers would be able to select animals that would adapt well to their 
management conditions. 
The most commonly used tests to identify the coping style in pigs are Backtest and Tonic 
Immobility Test, below a short review of both, while difference and strengths/weaknesses of both 
of them will be described in Chapter 1.  
1.2 Backtest 
The backtest is commonly used in studies to evaluate pig behaviour during a stressful situation, 
on an individual basis (Hessing et al., 1993; van Erp-van der Kooij et al., 2001). For this test a piglet 
is placed in the supine position for 60 seconds while gently restrained. For restraint, experimenter 
places one hand over upper body of the pig and the other gently on the hind legs. Each struggle of 
the piglet is counted as an escape attempt. The number of escape attempts is recorded to 
calculate backtest scores (Cassady, 2007; Hessing et al., 1993; van Erp-van der Kooij et al., 2000); 
duration of struggle attempts is also recorded in some studies (Cassady, 2007; Velie et al., 2009). 
In the first published study using backtests, piglets were backtested five times total over the first 
three weeks after farrowing (Hessing et al., 1993). 
Classifications of piglets were: “high-resisting (HR)” if they made more than two escape 
attempts in a backtest, “intermediate” if exactly two attempts were made, and “low-resisting (LR)” 
if less than two attempts were made. Upon analysis of this study, it was found that only two 
backtests are needed to adequately categorize piglets as HR or LR. The two tests are generally 
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performed roughly one week apart (Cassady, 2007; van Erp-van der Kooij et al., 2000; van Erp-van 
der Kooij et al., 2001).  
Even if the backtest is not comparable to any behaviour tests used to measure coping styles in 
mice and rats, past studies have attempted to investigate the backtest as an indicator of coping 
style. 
This association between the backtest and coping styles originated from correlations between 
backtest scores and performance of piglets on behaviour tests, measuring characteristics thought 
to be similar to those distinguishing proactive and reactive coping styles in mice and rats (Hessing 
et al., 1993). Subsequent studies have produced both similar and opposing results, leading to the 
current debate. 
1.3 Tonic immobility 
Inhibition of motion in response to restraint is a phenomenon which is well-documented across 
the animal kingdom (Crawford, 1977; Maser and Gallup, 1977; Erhard and Mendl, 1999). Maser 
and Gallup (1977) found approximately 30 labels for this behaviour and expressed concern over 
the ongoing creation of new terms. ‘Tonic immobility’ (TI) is more descriptive and therefore a 
more neutral term for a very complex phenomenon (Gallup, 1974). What most of the behaviours 
described as TI have in common is some sort of physical restraint, and a reversible physical 
immobility, which is ended abruptly ‘‘with the animal making an almost immediate transition from 
the immobile to a mobile state’’ (Gallup, 1974). 
The level or type of reaction is seen as a reflection of the level of the underlying emotion, fear.  
In contrast to this, Klemm (1977) suggested that, at least in rabbits, fear was ‘‘neither the sole 
nor necessary cause’’ of the immobility. As an alternative interpretation of tonic immobility, a link 
between TI and ‘emotionality’ was proposed by McGraw and Klemm (1973) who reported an 
interrelationship between the ability of rats to learn a maze, exploration of new environments and 
TI and by Gallup et al. (1976) who suggested that differences in emotionality were the basis for the 
differences in immobility in chickens. 
‘Emotionality’ in this context is used to describe a predisposition to react more or less strongly, 
quickly and lastingly to certain classes of stimuli (Savage and Eysenck, 1964). This definition of 
‘emotionality’ is close to what Benus et al. (1991) called ‘coping strategies’. One suggestion from 
research on coping strategies e.g., ‘active/passive coping’ strategies, (Benus et al., 1991; Hessing 
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et al., 1993) is that a given challenging situation will evoke specific responses, depending on the 
temperament or ‘personality’ of the individual involved.  
Benus et al. (1991) identified ‘active’ and ‘passive’ types of mice. They found that individuals 
genetically selected over several generations for short attack latencies reacted in an active way 
e.g., fight/flight in response to an opponent, while those selected for long attack latencies reacted 
in a passive way e.g., immobility in response to an opponent. These strategies therefore had a 
genetic background and predicted the behaviour of individuals in response to various social and 
non-social challenges.  
In the context of active/passive behavioural strategies sense (Benus et al.,1991), immobility can 
be said to represent a passive, and fight/flight an active response. 
Erhard and Mendl (1997) reported the phenomenon of tonic immobility in pigs and suggested 
that the susceptibility to/duration of the immobility response in pigs may be seen as an indicator 
of the type of fear response (freezing vs. fight/flight) shown in a challenging situation rather than 
of fear itself (Boissy, 1995). 
2 TRANSPORT STRESS  
The monitoring of animal friendly production, including live animal transport, is becoming 
increasingly recognised as an important attribute of food quality and quality assurance schemes 
(Blokhuis et al., 2008, Veissier et al., 2008). Besides the animal welfare aspect, there is an 
increasing demand for traceability along the food chain that is related to food safety (Ruiz-Garcia 
et al., 2010). 
Transport by its nature is an unfamiliar and threatening event in life of a domestic animal. It 
involves a series of handling and confinement situations which are unavoidable stressful and can 
lead to distress (Fraser, 1979), injury, and even death of the animal unless properly planned and 
carried out. Transport often coincides with a change of ownership whereby responsibility for the 
animal’s welfare may be compromised. 
Kenny and Tarrant (1987) divided the transport process into the component of repenning in a 
new environment (movement and restraint), loading/unloading (movement), confinement on a 
stationary vehicle (restraint) and confinement on a moving vehicle (restraint). More simply 
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transport involves two distinct type of actions: movement to new location and remaining 
stationary.  
A sudden environmental change will usually elicit the movement of turning towards the source, 
a response called the orientation response, which may be followed by a startling response and 
defensive or flight reactions by the animal (Hemsworth and Barnett, 1987). As fear responses 
wane, the animal will also approach and examine the stimulus (Hinde, 1970), so the response to 
novel stimuli can be considered to contain elements of both fear and exploratory responses. The 
initial avoidance and subsequent exploration can be viewed as a consequence of the conflicting 
motivations of fear and exploration and the weaning of fear responses.  
An animal can be stressed by internal and external environments; the loading procedures, 
facility design and the presence of unfamiliar animals can cause alarm. 
An objective measurement of transport stress may be attempted, using behavioural, 
physiological and pathological indicators. Data on behaviour during transport are scarce, but are 
useful because they provide information about how the animals adapt and cope and show where 
modifications are necessary to improve transport equipment. More data are available on the 
physiological responses, at least for the more common transport situations. Dantzer and 
Mormède (1979) stated that the glucocorticoid content in blood is a good index for the reaction of 
animals to any environmental challenge and more in general changes in heart rate, blood 
composition (electrolytes, hormones, metabolites and enzymes) are used to assess the response 
of livestock to transport. 
The European Union requires that journey times shall not exceed 8 h. However , this may be 
extended, if the transport vehicle meets additional requirements, to 24 hours or more, according 
to the species transported and making the required stops at control post (EFSA, 2011). 
Unfortunately not always resting facilities are adequate and animals are unloaded with care so 
rest stop may be counter-productive and serve only to prolong the overall transport time (Broom, 
2007).  
Observations suggest that it is not possible to recommend an “optimal” transport time. 
Moreover, recent findings confirm that the transport time “per se” is unlikely to be a risk factor 
but it becomes a risk when other aspects related to transport, such as animal fitness, fasting, 
vehicle design, driving style, stocking density, weather condition, ventilation, etc., are neglected 
(EFSA, 2011). 
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2.1 Pig Transport 
The most common means of transport for pigs is by road vehicle.  
During road transport, weather conditions (temperature, air velocity, humidity), loading density 
and duration of the journey are important factors influencing the condition of the animals (Broom, 
2007). 
Vehicle vibration and motion are known to have effects on humans. As well as generating 
motion sickness, health, comfort, postural stability, and ability to perform a task can be severely 
compromised. It is likely that similar responses occur in pigs; however the relevant ranges of 
frequencies could be different (Randall, 1992; 1996). 
Pigs are usually transported in large trucks that may hold over 200 animals in 3 tiers with a 
compartment height of 90 cm.  
In the EU, most of these trucks are equipped with a loading lift, in fact loading and unloading 
ramp is a cause off stress and injury for smaller animals, such pigs (Lambooij, 2007) and appears to 
be the most stressful component of the transport chain for pigs. For pigs climbing a loading ramp 
is difficult, since the situation is often psychologically disturbing. The animal may simply refuse to 
try and even turn their sides towards the ramps. The angle of the loading ramp should not be 
greater than 20° (EFSA, 2011)). Descending a loading ramp steeper than 20° is difficult for all 
animals and should be avoided (Grandin and Gallo, 2007). 
In relation to the transport practices it is recommended that, wherever possible, animals should 
be kept in stable social groups. Pigs should be loaded onto vehicles in groups no greater than six. 
Sows and boars should be handled separately and transported in separate compartments. In the 
case of goats, groups should be kept stable, repeated regrouping should be avoided, and the 
introduction of new individuals should be monitored closely. The mixing of unfamiliar pigs at 
loading can increase both transport deaths and carcass damage (Gosalvez et al., 2006). 
Averós et al. (2007) determined serum stress parameters in pigs transported to slaughter under 
Mediterranean conditions in different seasons. They found that stress reactions were largely 
determined by season (higher stress levels during winter) and genetics (depending on the 
halothane gene). 
Assessment of mortality risk factors revealed that average temperature is more important than 
the duration of the journey. Mortality risk increased with average air temperature and was highest 
when pigs were not fasted (Averós et al., 2008). 
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Depending on the distance to the slaughterhouse or transport station, feeding should be 
stopped the night before transport, but water should be available. 
In pigs, for journeys exceeding 24 hours, feed should be available every 24 hours at staging 
points followed by 6 hours rest. Weight loss attributable to withdrawal of food and water over 
long journeys represents an economic loss. The range of weight loss in pigs, even in short-term 
transport, is between 4-6% (Lambooij, 2007). 
Increasing transport duration from 6 to 12 and 24 h increased fatigue in weaned piglets, but 
was also associated with some indicators of habituation, such as sitting and establishment of 
dominance hierarchy. 
In a recent review, Lewis (2008) stated that the transport of early weaned piglets up to 24 h is 
not more detrimental than early weaning with respect to early feed consumption, as both 
transported and control piglets lose similar body reserves and recover at the same time. However, 
increasing transport duration from 6 to 12 and 24 h increased fatigue (Lewis and Berry, 2006). 
Increasing transport duration was also associated with increased drinking post-transport and 
higher haematocrits, indicative of rising levels of dehydration and thirst. 
New research confirmed that pigs show maladaptation to stressful situations due to a relatively 
small heart size in relation to body mass. At low environmental temperatures pigs remain close 
together (huddle) during air transport (EFSA, 2011), even though they have plenty of space. 
Increased drinking post-transport and evidence of dehydratation indicate that water intake of pigs 
while vehicles are in motion is low, despite the fact that water is provided in the vehicle (Frotin et 
al., 2002). 
Loading pigs onto a truck in groups of no more than 5 or 6 animals reduces the heart rates and 
takes the same amount of time as when larger group sizes are loaded. Both aggressive handling 
during loading and driving long distances, adversely affect rectal temperature and blood-acid 
balance (Knowles and Warriss, 2000). Transport of sows and/or entire boars together causes 
aggression and increases the risk of injury. 'Birth to slaughter' systems, where litters of pigs are 
kept together from birth to slaughter, including transport and pre-slaughter lairage, minimises skin 
damage (fighting). 
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2.2 Cattle Transport 
There have been several recent studies on the effects of long journeys on physiological and 
behavioural indicators of cattle welfare. The behaviour of cattle on moving vehicles is of interest in 
view of the evidence that confinement on a moving vehicle is the most stressful step in the 
transportation process, at least for intensively reared cattle. 
The response of cattle to transport varies, depending on the situation, and ranges from a 
moderate and readily identifiable stress response that may not cause concern about the animal’s 
welfare to extreme responses that signify distress and cause major concern about welfare and 
economic losses. 
According to Grandin (1997) both previous experience and genetic factors affecting 
temperament interact in complex ways to determine how fearful an animal may become when it 
is handled or transported. 
Gupta et al. (2007) investigated the effect of 12 h transport by road of mature bulls that had 
been housed prior to transport at different space allowances (1.2, 2.7, 4.2 m2/bull) on slatted 
floors for 97 days. Effects of loading bulls on a transporter, transporting for 12 h and subsequently 
unloading included body-weight loss, neutrophilia, eosinophilia, lymphopaenia and increased 
packed cell volume, red blood cell and haemoglobin levels. While transport increased cortisol and 
suppressed indicators of the immune response in the short-term, these changes were within 
normal physiological ranges, suggesting that 12 h road transport had no significant adverse effect 
on welfare over this period. 
Adult cattle should not be transported on a journey of longer than 29 hours. After this time 
there should be a 24 hour recovery period with access to appropriate food and water. 
Isolation of cattle induces struggling, vocalisation, increased heart rate and plasma cortisol 
levels (Færevik et al., 2006). The presence and sight of conspecifics are found to moderate the 
behavioural reaction of cattle to separation. Restlessness increased with social regrouping on the 
truck, but not with motion (Kenny and Tarrant, 1987). The calming effect of familiar animals 
should be taken into consideration during transport, handling and regrouping of cattle. 
Vocalisation can be a useful indicator of impaired welfare for both experimental and practical 
purposes (Watts and Stookey, 2000). 
Partition of vehicles for cattle reduces the risk of injury, allows faster loading and unloading and 
allows animals to settle better during transport and thereafter at lairage. 
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Cattle should be provided with sufficient space to stand without contact with their neighbours 
and to lie down if the journey is more than 12 hours. Space allowances should be calculated 
according to an allometric equation relating size (Petherick and Phillips, 2009) to body weight. For 
cattle with horns, space allowance should be 7% higher (EFSA, 2011). 
Cattle avoid contact with other individuals when they can and maintain their balance better 
when not touching other individuals (Cockram, 2007; Broom, 2008). Several authors have explored 
the possibility that giving cattle more space than required by the regulations may increase the risk 
of injury (Eldridge and Winfield, 1988; Tarrant and Grandin, 2000; Mounaix et al., 2011, in press). 
However, these results are equivocal and did not take account driving quality. 
Water should be available during rest periods on journeys of 8 to 29 hours.  
Repeated humane handling of cattle during rearing, and in particular immediately prior to 
transport, can minimise aversive reactions at the time of transport (Grandin, 2007). 
Since there are many studies on the transport of cattle to fattening farms or to 
slaughterhouses, but few information were found on young bulls with different destination, major 
attention was devoted to the transport of young bulls delivered to the genetic test stations for 
selection. This will be the topic of the last chapter. 
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ABSTRACT 
 
Backtest (BT) and Tonic Immobility Test (TIT) allow to classify piglets in different type of coping 
style (HR=High-Resisting; LR=Low-Resisting for the BT; non-TI= don’t show tonic immobility and 
TI=showing tonic immobility for the TIT) on the basis of their reaction to restrain. There are no 
data concerning the relationship between TIT and BT responses in piglets. The aim of this study 
was to investigate this potential relationship. Sixty piglets of commercial crossbred (Duroc x 
(Landrace x Large White)) reared in the same farm were examined. The BT was performed on all 
piglets at 10 and 17 days of age; the TIT was carried out at 9 days (20 piglets), at 13 days (20 
piglets) and at 19 days (20 piglets) of age. Results of the tests were not influenced by their 
reciprocal temporal sequence. There was not a correspondence between the BT and TIT 
categories. 
This result suggests that the two tests measure reactions to different challenging stimuli and 
they may be used as indicators of different types of response to restrain. In the BT, the duration of 
vocalization, struggling, and relaxation were significantly different (P<0.05) between HR and LR 
piglets. 
 
 
INTRODUCTION 
 
Pigs vary largely in behavioural reactions when exposed to the same stressful situation. 
Individual differences in adaptive or coping reactions of pigs have received growing attention, as 
the identification of basic characteristics that predict (mal)adaptation to husbandry conditions 
could be relevant both for pig husbandry and pig welfare. In order to identify these characteristics, 
the Backtest (BT) (Figure 1a) and the Tonic Immobility test (TIT) (Figure 1b) have been used [4]. In 
both tests young piglets are restrained in supine position. The behavioural reaction of piglets in 
these tests is thought to reveal part of their “coping style” or ‘personality’. Some piglets usually 
referred to as ‘high-resisters’ (HR), struggle a lot during the Backtest, whereas others respond with 
immobility, the so-called ‘low-resisters’ (LR) [6]. At a later age, HR and LR pigs have been shown to 
differ in their behavioural and neuroendocrine reactions to a variety of challenges [5, 6, 7, 9, 10, 
11]. The response profiles of HR and LR largely resemble the diverging coping styles, often referred 
to as “(pro)active” versus “passive/reactive”, respectively, that have been identified in pigs and in 
other species [1, 8]. Likewise, it has been proposed that the tonic immobility is one possible way of 
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assessing whether individual pigs are more likely to adopt a more active (low susceptibility/short 
duration of Tonic Immobility test, struggle, move fast) or a more passive behavioural strategy (high 
susceptibility to/long duration of Tonic Immobility test, tense, move more slowly) in a challenging 
situation [2, 3]. There are no data concerning the possible link between the Tonic Immobility and 
response to the Backtest in piglets. The aim of this study was to investigate this potential 
relationship. It can be hypothesized that f the tests measure the same behavioural characteristics, 
they should classify the same animal in the same category. 
 
 
MATERIAL AND METHODS 
 
Sixty piglets from 10 litters of commercial crossbred pigs (Duroc x (Landrace x Large White)) 
were tested. Male piglets were castrated at approximately 5 days of age. Sow and piglets were 
housed in conventional farrowing pens (1.5 m x 2.5 m) with the sows restricted in farrowing 
crates. The Backtest was performed at 10 and 17 days of age; the Tonic Immobility test was 
performed before (at 7 days of age - 20 piglets), between (at 13 days of age - 20 piglets) and after 
(at 19 days of age - 20 piglets) the Backtest. During the Backtest each piglet was restrained on its 
back by placing the right hand over the throat and the other loosely on the hind legs (Figure 1a). 
Classification of pigs was based on the number of escape attempts (i.e. bouts of struggling with at 
least the hind legs) they displayed during 60 s. A pig was classified as high-resisting (HR) if it 
performed more than four escape attempts in the two tests, with a minimum of two attempts in 
one test. If a pig struggled less than four times in two tests, with a maximum of two attempts in 
one test, it was labelled low resisting (LR) [1]. In the Tonic Immobility test the experimenter placed 
the piglet on its back onto a V-shaped wooden cradle (70 cm long, angle approximately 80°) 
(Figure 1b). Then the experimenter put a sand-filled cloth bag (15 x 20 cm2, ca. 500 g) on the 
piglet’s chin, gently stretched its back legs and then let go of both the hind legs and the sand bag. 
If the pig became immobile, the duration of immobility was recorded from this point onwards (we 
call these pigs ‘TI pigs’). As soon as the piglet struggled, the bag was removed and the duration of 
immobility recorded. If the piglet did not struggle within 5 min, the test was terminated, and 
duration of 300 s was allocated to this pig. Some piglets did not show the immobility response 
described above (‘non-TI pigs’) [2]. They struggle while they were being placed onto the cradle, or 
as soon as they touched the cradle. It was not possible to get them through the process described 
above. In this experiment, they were recorded as having duration of immobility of 0 s. Due to non-
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normality of the data, non-parametric statistics were used for the analysis. Chi-square analysis was 
used to evaluate the effect of the reciprocal sequence of tests on the classification results for 
Backtest and Tonic Immobility test, and to analyse the relationship between Backtest scores and 
TIT. Mann-Whitney U Test was used to evaluate the differences in behaviour between High and 
Low resisters pigs and Low resisters pig. 
 
 
RESULTS 
 
The reciprocal sequence of the tests did not influence their results (Backtest: χ2=3.61, d.f.= 2, 
n=60, P=0.16; Tonic Immobility test: χ2=1.08, d.f.=2, n=60, P=0.58). 
In the Backtest the duration of vocalization, struggling and relaxation were significantly 
different between HR and LR piglets, validating the methodology (Table 1). 
Due to the Tonic Immobility test methodology, the differences between TI and non-TI piglets in 
the duration of struggling, relaxation and vocalizations were not analyzable. The 41.7% of tested 
subjects did not show tonic immobility response. Moreover, among “TI-pigs” we found a high 
variability in the time (mean ± SD in sec) of reaction (9.57 ± 9.21), relaxation (7.69 ± 13.72) and 
vocalizations (1.41 ± 3.79). There were no relationship between Backtest scores and susceptibility 
to immobility (χ2=1.15, d.f.=1, n=60, P=0.29). Only 28.3% of “low resisters” pigs showed 
immobility response during the Tonic Immobility test and, on the other hand, only 20.0% of “high 
resisters” pigs struggled immediately afterwards placed onto a V-shaped wooden cradle. 
 
 
DISCUSSION 
 
Even if Backtest and Tonic Immobility test are present in literature for a long time [6, 7], there 
are no data concerning the relationship between their classifications. During Backtest and Tonic 
Immobility test piglets are subjected to a restrain situations and both tests adopt a bimodal 
classification creating two groups whose characteristics have been compare each other (HR as 
non-TI, LR as TI) [2, 3]. Nevertheless, our results indicated that behavioural response of an animal 
to one test was not predictive of the behavioural response of the same animal to the other test. It 
is important to underline that there are relevant differences between the two tests: the Backtest 
has a fixed duration while the duration of Tonic Immobility test is extremely variable. Moreover, in 
Chapter 1 
26 
the Backtest the animal is restrains by a human hand while in the Tonic Immobility test a piglet is 
restrain by means of a sand-filled cloth bag and V-shaped wooden cradle. These differences can 
affect the behavioural response of the animals which may perceive different emotions during the 
tests (e.g. fear of humans during BT, anxiety for the restrain situation during TIT) and therefore to 
show different reactions. The use of backtest as a valuable tool to be implemented by farmers for 
the formation of groups was suggested [9], nevertheless results remain inconclusive and their 
interpretation ambiguous depending in what the tests actually measure in the form they have 
applied. 
 
 
CONCLUSIONS 
 
There was not a correspondence between the BT and TIT categories. In particular, the “TI-pigs” 
class was heterogeneous and it included piglets with different coping styles. Based on our results it 
can be assumed that the two tests measure the reactions of pigs to different challenging stimuli 
and they may be seen as indicators of different types of response. 
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Figure 1.  
The Backtest (1a) and the Tonic Immobility Test (1b). 
 
 
1a  
 
 
 
 
 
1b  
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Table 1.  
Comparison between HR and LR reactions to the Backtest (Mean ± SD). Means are expressed in seconds. 
 
Behaviour HR LR U P 
Vocalization 49.76 ± 12.34 31.28 ± 9.98 150 0.02 
Struggling 27.43 ± 11.56 13.57 ± 5.5 31 0.0001 
Relaxation 8.13 ± 3.78 32.17 ± 13.78 35 0.005 
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ABSTRACT 
 
The Backtest (BT), the Open Field (OF) and the Novel Object (NO) tests have been used to 
identify individual reaction patterns in piglets and to measure parameters that previous studies 
have shown to be correlated to the coping strategies of animals. The BT allows for the 
classification of piglets into two different "coping styles": high-resisting (HR) and low-resisting (LR), 
which respectively correspond to a (pro-) active and passive (or reactive) behavioural response.  
During previous research, the subjects were tested singularly, so the aim of this study was to 
investigate if differences between HR and LR animals could be detected when piglets are tested in 
a group using the OP and NO tests. 
A total of 132 piglets were subjected to the BT and then were housed in groups consisting of 
four individuals each so as to obtain HR pens, LR pens and mixed pens. We found differences in 
the pigs’ behaviour during the OF and the NO tests and according to the type of group. Individual 
differences in the behavioural response of piglets to the Backtest were not predictive for the 
behavioural response of the animals subjected to the OF or to NO tests. 
Our results show that there are no relevant differences between HR and LR piglets when they 
are subjected in a group to novel situations. 
 
Keywords: coping style, group, novel situation, piglet. 
 
 
1. INTRODUCTION 
 
Over the past two decades, coping strategies have gained increasing attention in animal 
ethology. Livestock animals encounter many stressors during their life and coping with these 
stressors affects their health, welfare and production (Van Erp-Van der Kooij et al., 2002).  
Previous research on coping characteristics, predominantly in rodents, have generally 
supported the existence of two distinct ‘‘coping styles” within populations, an active (or proactive) 
and a passive (or reactive) style (see Koolhaas et al., 2007 for a review). One of the most important 
difference between active and passive individuals lies in the way they use internal and external 
information to organize behaviour associated with a given stimulus (Koolhaas et al., 1997). 
Actively coping individuals create routines and seem to anticipate situations, whereas passive 
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individuals tend to react more to environmental changes (Benus et al., 1991; Koolhaas et al., 
1997).  
Aggressiveness in the resident-intruder test is central to much of the work on coping styles in 
mice and rats (Benus et al., 1991; Koolhaas et al., 2007), whereas in pigs, the Backtest is a more 
popular measure of coping and its outcomes have been compared with the responses of the same 
pigs in a variety of social tests (Hessing et al., 1993, 1994; Ruis et al., 2000; Van Erp-Van der Kooij 
et al., 2000, 2001; Geverink et al., 2003). 
The behavioural reaction of piglets in this test is thought to reveal part of their “coping style”, 
enabling two different behavioural strategies to be identified. During the test, a piglet is put on its 
back and restrained in this position for 1min, while the number of escape attempts is recorded. 
Some piglets, usually referred to as ‘high resisters’ (HR), struggle a great deal during the Backtest, 
whereas piglets at the other end of the distribution, the so-called ‘low resisters’ (LR), tend to 
respond with immobility. The response profiles of HR and LR piglets largely resemble the diverging 
coping styles, often referred to as (pro-) active versus passive/reactive. 
Some attempts to categorize piglets into distinct personality types, as done for rodents, have 
not been successful and have shown divergent results (Lawrence et al., 1991; Jensen et al., 1995; 
Forkman et al., 1995; Spoolder et al., 1996). Moreover, the Backtest has also been criticised as 
being arbitrary in nature because it is not clear what motivational system it challenges (D'Eath, 
2002). In fact, the piglet may perceive the handler as a predator, evoking escape, or behave as 
though in a fight with a conspecific, perhaps evoking an aggressive response (Jensen et al., 1995).  
Moreover, Backtest responses do not fall into two distinct ‘types’ of responders as has been 
claimed for coping responses in other species (Koolhaas et al., 1997) because there is no clear 
evidence for a bimodal distribution characteristic of discrete styles (Forkman et al., 1995; Erhard 
and Mendl, 1999; van Erp-van der Kooij et al., 2000). 
If differences in behaviour reflect coping characteristics, then behaviour in one situation should 
predict behavioural reactions in other situations and at other times. It is often assumed that 
individuals are relatively consistent in their response to an environmental challenge at different 
times (ages) and in different situations (Lawrence et al., 1991; Van Erp-Van der Kooij et al., 2000). 
These relatively stable individual characteristics that show some consistency over time and across 
situations are also referred to as temperament. Temperament refers to the particular 
configuration of behaviours that an individual expresses and is therefore a property of an 
individual (Bell, 2007). 
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In a study on individual behavioural characteristics in pigs (Hessing et al., 1994), it is stated that 
the complementary individual behavioural characteristics of active and reactive pigs under stress 
will result in a better socially integrated group. A socially well-integrated group will be more 
successful in solving their problems, which is beneficial for each individual and for the group as a 
whole. This is shown in two studies where active (HR) and reactive (LR) pigs were mixed. It was 
found that the most stable social relationship existed between HR/LR pairs where the LR animal 
was dominant (Ruis et al., 2002) and that HR/LR groups performed better in term of growth rate 
and weight (Hessing et al., 1994). 
In previous research, pigs have often been tested at a later age (Lawrence et al., 1991; Brown et 
al., 2009) or singularly (Jensen et al., 1995; Spoolder et al., 1996; Wemelsfelder et al., 2000; 
Dalmau et al., 2009). With an eye to advancing knowledge about this subject, we studied piglets 
reared in small groups and tested them with their home pen mates to avoid behavioural responses 
due to isolation. Therefore, the aim of the present study was to investigate whether there is any 
consistency in individual variations in piglet behaviour in reaction to different challenges and 
whether group composition has any significant effect. For the purpose of identifying individual 
reaction patterns in pigs, the Backtest, the Open Field test and the Novel Object test were used. To 
evaluate the influence of group composition on the outcome of behavioural tests, different groups 
were created based on the Backtest scores and members of each group were tested all together. If 
group composition affects the ability of animals to solve their problems (e.g. cope with stressful 
situations), we would expect to find differences in behavioural response between groups 
consisting of both HR and LR individuals and groups with LR or HR pigs only.  
 
 
2. MATERIALS AND METHODS 
 
A total of 132 piglets from 37 litters of commercial crossbred pigs (Duroc x (Landrace x Large 
White)) were tested from April to September 2009 in four replicates of 33 subjects each. 
Male piglets were castrated at approximately 5 days of age. All sows and their piglets were 
housed in conventional farrowing pens (1.5 m x 2.5 m), where each sow was restricted in a 
farrowing crate. At weaning (day 25±2) piglets were removed from the farrowing pens and mixed 
in two pens of about 3 m x 3 m. At 33 (±2) days of age all piglets were transported to the 
experimental farm of DIPROVAL, where they were housed in pens (1 m x 1 m with 4 animals) with 
slatted floors. 
Chapter 2 
36 
Each pig was fed two times a day from a five-space feeder containing a normal commercial feed 
and water was supplied ad libitum using a water-nipple.  
 
2.1. Backtest 
All piglets were tested twice during the suckling period, once at 10 days and again at 17 days. In 
this test each piglet was restrained on its back by placing the right hand over the throat and the 
other loosely on the hind legs (Hessing et al., 1993). Classification of pigs was based on the 
number of escape attempts (i.e. bouts of struggling with at least the hind legs) they displayed 
during 60 s. The classification of each individual was based on the outcome of these two Backtests. 
A pig was classified as high-resisting if it performed more than four escape attempts during the 
two tests, with a minimum of two attempts per test. If a pig struggled less than four times in two 
tests, with a maximum of two attempts per test, it was labelled low-resisting (Hessing et al., 1993). 
All remaining piglets were classified as “indefinite” and were excluded from the study, which 
included exclusively LR and HR subjects. 
From the 196 piglets tested during the suckling period, we selected 66 HR and 66 LR individuals 
with similar body weights (6.36±2.05SD kg at 17 days of age), for a total of 132 (seventy-two male 
and sixty female) piglets. They were housed in groups of four, for a total of 12 HR pens, 12 LR pens 
and 9 mixed pens (2 HR and 2 LR piglets).  
 
2.2 Open Field test and Novel Object test 
The Open Field (OF) and Novel Object test (NO) were carried out when the piglets were 
between 42 and 46 days of age. Piglets housed in the same pen were tested together in a 3 m x 3 
m isolated arena, so that they could not establish visual contact with other piglets in the same 
building. The arena had 2 circles painted on the centre of the floor, the first measuring 1 m in 
diameter (circle 1) and the second, which included the first one, measuring 1.5 m in diameter 
(circle 2). The four subjects were initially put into a waiting box (1 m x 1 m) close to the arena. 
Piglets stayed in the waiting box for 2 minutes. The OF test started when the box door was open 
and piglets could have access to the arena (Figure 1). After 10 minutes an object that was 
unfamiliar to the piglets (a 50 cm diameter blue ball) was dropped down into the arena and the 
NO test was started. The object fell exactly in the centre of the small circle painted on the floor, 
suspended 20 cm above the floor, without touching the floor or walls or making a noise; when the 
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ball fell, all piglets had a movement reaction. The NO test lasted 15 minutes so that the total 
duration of the two consecutive tests was 25 minutes. 
All tests were video recorded with two Handy cams (DCR-HC42E, Sony). During video analysis, 
all behavioural patterns (for a description see Table 1) were recorded using the classical 
ethological methods (Altmann, 1974). In particular, during both tests the position of the animals in 
the arena, their activity (standing, lying, sitting and walking) and proximity within 1 meter to pen 
mates were recorded using the “instantaneous” sampling method (Altmann, 1974), with 60-
second intervals, in order to obtain an estimation of the respective percentages of time that 
animals spent performing these behavioural patterns (Table 1). Explorative behaviours and 
affiliative and aggressive interactions among piglets were recorded using the “all occurrences” 
sampling method (Altmann, 1974), counting the total number of events. Moreover, during the NO 
test the latency and all occurrences of contact, exploration and attention to the object were 
recorded. 
 
2.3 Statistical analysis 
The normal distribution of residuals was checked for all variables by means of the Shapiro-Wilk 
test, using the PROC UNIVARIATE of SAS. The data of several variables were not normally 
distributed and were transformed in order to make them conform more closely to the assumption 
of analysis of variance (Fernandez, 1992). In determining whether a specific transformation value 
was appropriate for each data set variable, the Likelihood Ratio Test was used (Gurka et al., 2007). 
Measurements of time spent inside the circle, time spent walking and latency to leave the waiting 
box or to approach or contact the object were log10 transformed. Measurements of time spent 
outside the circle, lying and exploring mates were power transformed. The watching time variable 
was square root transformed. Aggressiveness, playing, return to the waiting box and exploring the 
object were not normalized using any of the transformations commonly used for this purpose and 
were analysed by means of a non-parametric test (NONPAR1WAY of SAS). The PROC MIXED 
procedure of SAS was used to analyse the normally distributed or normalized variables. The model 
included the random effect of subject within replicate, the fixed effects of the OF-NO test, 
Backtest, type of pen, sex, replicate and their respective interactions. Only the Backtest x Type of 
pen interaction was excluded because not estimable due to a confounding effect. 
The same model was also used to compare the behaviour of LR piglets from homogeneous pens 
versus LR piglets from heterogeneous pens (the same for HR piglets).  
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All transformed variables were back-transformed for presentation in the tables to their original 
scale as arithmetic means (± standard error). 
Correlations between behavioural variables in the OF or NO tests and Backtest were analysed 
using the Spearman rank correlation coefficient (rs). The probability of rejecting the null 
hypothesis was set at 0.05. 
 
 
3. RESULTS 
 
Averaged over the two Backtests, HR pigs showed a mean 6.54±2.18 SE of escape attempts and 
LR pigs 1.64±0.97 SE. The correlation between Backtests conducted on different test days was 0.61 
(p < 0.00001). 
We did not find any significant correlations between the behavioural patterns displayed by 
piglets during the OF or NO tests and the Backtest scores (Table 2). 
The effect of replicate was significant for almost of parameters, the only exceptions being 
events of watching, time spent inside circle 2, latency to leave the waiting box, and latency to 
contact the object. The interaction between replicate and OF-NO tests was significant (P<0.05) 
with respect to time spent outside or inside the circles, lying, sitting and exploring the area, while 
the other interactions were not significant (P>0.05). 
HR and LR piglets did not differ in their individual behavioural response to either the OF or the 
NO test (Table 3). However, the piglets as a whole showed some differences in their behaviour 
during the OF and NO tests. Time spent outside the circles and lying and proximity were higher in 
the NO test, while time spent inside circle 1, time spent inside circle 2, sitting, walking, exploring 
the area and playing were higher in the OF test (Table 4). Moreover, we found that the type of pen 
influenced the time that piglets spent watching the object (piglets in LR pens watched the object 
more frequently than those in both the HR and mixed pens), as well as the time spent outside the 
circles (piglets in mixed pens spent more time outside the circles) (Table 5). 
The sex of piglets did not affect their behavioural response during any of the tests, including the 
Backtest. 
When comparing the behaviour displayed by piglets during the OF and NO tests we found very 
few significant correlations. The more time a piglet stayed in close proximity to its mates, the 
higher was the piglet’s latency to contact the object (rs=-0.52, p<0.001), to leave the waiting box 
and to contact the object (rs=0.32, p<0.001). Moreover, the more often a piglet watched the 
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object, the higher was its latency to contact it (rs=0.39, p<0.001), and, obviously, the slower its 
approach to the object was, the less frequent was its exploration (rs=-0.66, p<0.001). 
 
 
4. DISCUSSION 
 
In accordance with the findings of other studies, the piglets’ behaviour was consistent during 
the Backtests, since the correlation between days 10 and 17 was quite high (rs= 0.61 versus rs=0.47 
and rs=0.48 of Van Erp-Van der Kooij et al., 2000, 2002). 
We did not find any differences between HR and LR piglets or among the different pens (HR, LR 
and mixed) in terms of behavioural reactions during the Open Field and Novel Object tests, except 
for time spent outside the circles and watching the object. These results do not support the view 
that HR and LR pigs differ in their ability to adjust their behaviour to a changing situation (Bolhuis 
et al., 2005). 
Some correlations were found between the behavioural patterns observed during the OF and 
NO tests. The interpretation of “Latency to leave waiting box” depends to a large extent on the 
nature of the waiting box and of the arena. If the waiting box is the animal’s home pen, the 
difference between this and the arena is the difference between familiarity (i.e. relative safety) 
and unfamiliarity (i.e. potential danger). If, however, the waiting box is novel to the animal, and if 
the animal belongs to a social species it may represent danger (unfamiliarity and social isolation) 
and is therefore an aversive stimulus (the animal is already in this situation). The arena, even 
though novel and thus potentially dangerous, represents the only way out of the waiting box, and 
therefore out of the already dangerous situation. The animal faces a choice not between a safe 
starting point (e.g. home pen), and a potentially threatening novel environment (e.g. arena), but 
between two fear-evoking situations, one already present and known (the waiting box), the other 
unknown (Misslin and Cigrang, 1986). In our OF test, the waiting box was of the same size and had 
the same type of floor as the home pen and all subjects were tested with their home pen mates, 
so unfamiliarity and social isolation were reduced, though probably not eliminated. For this 
reason, the “Latency to leave waiting box” could be considered a measure of fear or timidity in 
leaving the familiar environment (Erhard and Mendl, 1999), explaining why it correlated with the 
“Latency to contact object”, which may be another indicator of fear. Moreover, piglets who took 
longer to approach and touch the object explored it few times, showing an inclination to avoid 
new stimuli. 
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Since in the Novel Object test “Latency to contact object” was also correlated with “Proximity”, 
it is possible that subjects that were more affected by novelty of the object more frequently 
sought the proximity of their mates to feel safe. Moreover, they showed anxiety by spending a 
great deal of time watching the object, staying away from it and refraining from exploring it 
(Wemelsfelder et al., 2000). 
Piglets probably displayed explorative behaviours and played more often during the Open Field 
than during the Novel Object test because the arena represented a novelty, larger than pens and 
therefore more suitable for playing. In the Open Field test, the piglets’ tendency to investigate 
could naturally decrease over time; however, the habituation period in the arena test is generally 
neglected and arbitrarily fixed as a short period without any assessment of the habituation 
process and its potential effects on further responses (Forkman et al., 2007). The subsequent 
inactivity and tendency to seek the proximity of pen mates displayed by piglets during the Novel 
Object test might indicate a state of tension induced in the animals due to the sudden fall of the 
unknown object. 
Our results suggest that individual differences between HR and LR piglets result in few 
behavioural occurrences when animals are subjected with their pen mates to novel situations. 
If only two different behavioural “types” of pigs exist, as suggested by Hessing (1993, 1994), we 
would expect that when animals are tested in groups made up of subjects belonging to the same 
“coping style”, more marked behavioural differences between these two categories would emerge 
because all group members should show the same behavioural patterns. Since we failed to find 
any relevant differences in behavioural response among the different groups of piglets, we might 
suppose that being in group could reduce individual behavioural differences. An alternative 
explanation is that the Backtest is a poor predictor of behaviour in other situations, regardless of 
whether pigs are tested in groups or singly, as other studies have shown (Forkman et al., 1995; 
Erhard et al., 1999; van Erp-van der Kooij et al., 2000). Moreover, as highlighted by several studies, 
it is possible that different tests measure different aspects of an animal’s ‘coping style’ or different 
dimensions of the personality (Gosling and John, 1999; Van Erp-Van der Kooij et al., 2002), but in 
certain cases coping behaviour turns out to be situation specific, an observation which supports 
the opinion of those who challenge the existence of coping styles (Forkman et al., 1995; Spoolder 
et al., 1996). 
The question of whether pigs can really be classified into distinct classes of individuals, differing 
consistently in their manner of reaction, is of central relevance to pig husbandry. Further research 
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will be useful to clarify if such individual differences can be identified, because such knowledge 
could potentially be used not only to increase the efficiency of pig production, but also as a useful 
tool for improving animal welfare. 
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Figure 1.  
The guillotine door on the Waiting box could be opened and closed through the use of an attached rope. Another 
attached rope was used to drop the ball, so the observers could not be seen by the animals 
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Table 1. 
Behavioural patterns recorded during the Open field and Novel Object tests. 
Variables marked by * were sampled by interval sampling in 60-s intervals. Variables marked by † were sampled only 
in NO. Latency to leave waiting box was sampled only in OP. All latencies were measured in seconds. 
 
 
a
Based on Thodberg et al. (1998), Spoolder et al. (1996), Beattie et al. (1995) 
 
 
 
 
 
 
 
 
Behavioural patterns
a 
Description 
Position
* 
% time spent out of circles, inside circle 1, inside circle 2. 
Standing* % time spent standing on its legs without exploring, with or without head movements. 
Lying* % time spent lying in a ventral or sternal position with or without exploring. 
Walking* % time spent walking with or without exploring. 
Proximity* % time spent within 1 m from one or more mates. 
Exploring area Smelling, biting, licking or touching the floor or the walls. 
Exploring mate Smelling, sucking, licking or touching one or more mates. 
Aggressiveness Biting, pushing, climbing one or more mates. 
Playing Running fast or slowly with vertical and horizontal bouncy movements, jumping around to 
face in a different direction. 
Return in waiting box Visiting the waiting box entering into and exiting from the box one or more times.  
Latency to leave waiting box  Seconds until the body exited from the waiting box, the front legs cross the line of the 
door. 
Watching
†
 Watching the ball without smelling or touching it.  
Exploring object Smelling, biting, licking or touching the ball. 
Latency to approach 1
† 
 Second until the front legs entered circle 1. 
Latency to approach 2
†
  Second until the front legs entered circle 2. 
Latency to contact object 
†
 Seconds until the snout touched ball. 
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Table 2. 
Correlation of behavioural patterns displayed during the Open Field (OF) test and the Novel Object (NO) test with the 
Backtest score.  
 
 Backtest score 
Behavioural patterns Open Field test Novel object test 
time spent out of circles rs= -0.008  p=0.92 rs= -0.117  p=0.04 
time spent inside circle 1 rs= 0.051   p=0.55 rs= 0.022   p=0.8 
time spent inside circle 2 rs= -0.032  p=0.71 rs= 0.208   p=0.01 
Lying rs= -0.063  p=0.47 rs= 0.083   p=0.34 
Sitting rs= -0.017  p=0.84 rs= -0.127  p=0.14 
Walking rs= 0.083   p=0.34 rs= 0.060   p=0.49 
Proximity rs= -0.113  p=0.19  rs= -0.120  p=0.16 
Exploring area rs= -0.066  p=0.45 rs= 0.033   p=0.69 
Exploring mate rs= -0.041  p=0.64 rs= 0.002   p=0.97 
Aggressiveness rs= 0.155   p=0.07 rs= -0.157  p=0.07 
Playing rs= 0.051   p=0.55 rs= 0.051   p=0.55 
Return in waiting box rs= 0.156   p=0.07 rs= -0.042  p=0.63 
Latency to leave waiting box  rs= 0.099   p=0.25 - 
Watching - rs= -0.178  p=0.04 
Exploring object - rs= 0.057   p=0.51 
Latency to approach 1 - rs= -0.095  p=0.27 
Latency to approach 2 - rs= -0.153  p=0.07 
Latency to contact object  - rs= -0.068  p=0.42 
 
 
 
Table 3  
Effect of Backtest on behavioural patterns. 
 
Behavioural patterns Backtest 
 
HR 
(mean ± S.E.) 
LR 
(mean ± S.E.) 
Time spent out of both circles
† 
73.87 ± 20.00 76.37 ± 17.30 
Time spent inside circle 1
†
 5.73 ± 11.37 4.98 ± 8.01 
Time spent inside circle 2
†
 20.25 ± 15.25 18.49 ± 14.97 
Standing
†
 48.74 ± 18.99 47.38±20.09 
Lying
†
 20.02 ± 20.76 23.03 ± 22.33 
Walking
†
 31.23 ± 18.68 29.59 ± 16.64 
Proximity
†
 60.28 ± 19.99 65.25 ± 20.24 
Exploring area
+
 1.25 ± 0.27 1.26 ± 0.60 
Exploring mate
+
 0.12 ± 0.12 0.13 ± 0.12 
Exploring object
+
 0.17 ± 0.27 0.16 ± 0.24 
Latency to approach 1* 132.42 ± 279.98 128.89 ± 247.14 
Latency to approach 2* 90.46 ± 234.29 96.64 ± 233.43 
Latency to contact object* 158.17 ± 304.17 157.61 ± 304.37 
Aggressiveness
+
 0.01 ± 0.04 0.01 ± 0.05 
Playing
+
 0.59 ± 0.55 0.57 ± 0.55 
Return in waiting box
+
 0.11 ± 0.12 0.10 ± 0.11 
Latency to leave waiting box* 4.04 ± 6.13 3.60 ± 5.94 
Watching
+
 0.16 ± 0.22 0.19 ± 0.24 
 
* Seconds.  
†
 % of time.  
+
 Number of actions/minutes. 
Means with different uppercase or lowercase superscript letters differ respectively for P<0.01 and P< 0.05. 
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Table 4. 
Effect of Open Field - Novel Object on behavioural patterns. 
 
Behavioural patterns Open Field and Novel Object 
 
Open Field 
(mean ± S.E.) 
Novel Object 
(mean ± S.E.) 
Time spent out of both circles
† 
68.78
A
 ± 17.77 81.71
B
 ± 17.07 
Time spent inside circle 1
†
 7.04
A
 ± 11.44 3.58
B
 ± 7.05 
Time spent inside circle 2
†
 24.01
A
 ± 15.07 14.54
B
 ± 13.60 
Standing
†
 50.28
a
 ± 18.71 45.68
b
 ± 20.21 
Lying
†
 10.97
A
 ± 14.92 32.39
B
 ± 22.09 
Walking
†
 38.73
A
 ± 16.59 21.92
B
 ± 14.21 
Proximity
†
 57.72
A
 ± 18.68 68.33
B
 ± 20.41 
Exploring area
+
 1.67
A
 ± 0.45 0.84
B
 ± 0.37 
Exploring mate
+
 0.13 ± 0.12 0.13 ± 0.11 
Aggressiveness
+
 0.02 ± 0.05 0.01 ± 0.03 
Playing
+
 0.98
A
 ± 0.05 0.18
B
 ± 0.18 
Return in waiting box
+
 0.14 ± 0.14 0.7 ± 0.7 
 
* Seconds.  
†
 % of time.  
+
 Number of actions/minutes. 
Means with different uppercase or lowercase superscript letters differ respectively for P<0.01 and P< 0.05. 
 
 
 
Table 5. 
Effect of composition of pen on behavioural patterns. 
 
Behavioural patterns Composition of pen Test 
 
LR 
(mean ± S.E.) 
HR 
(mean ± S.E.) 
Mixed 
(mean ± S.E.) 
 
Latency to leave waiting box* 3.56 ± 5.88 4.35 ± 6.99 3.27 ± 3.92 OF 
Watching
+
 0.20
 a
 ± 0.25 0.14
b
 ± 0.21 0.16
ab
 ± 0.21 NO 
Exploring object
+
 0.16 ± 0.24 0.17±0.28 0.15 ± 0.21 NO 
Latency to approach 1* 126.32 ± 273.30 132.82 ± 284.35 132.14 ± 272.73 NO 
Latency to approach 2* 102.04
a
 ± 242.10 101.44
a
 ± 255.55 58.33
b
 ± 151.07 NO 
Latency to contact object* 141.93 ± 293.54 155.40 ± 304.16 197.66 ± 330.36 NO 
Time spent out of both circles
† 
76.86
ab
 ± 17.02 76.04
a
 ± 18.87 69.65
b 
± 20.83 OF+NO 
Time spent inside circle 1
†
 4.63 ± 7.43 5.52 ± 10.76 6.59 ± 11.95 OF+NO 
Time spent inside circle 2
†
 18.30 ± 14.83 18.26 ± 14.10 23.75 ± 11.06 OF+NO 
Standing
†
 48.11 ± 19.82 48.24 ± 18.97 47.15 ± 20.51 OF+NO 
Lying
†
 23.48 ± 22.59 19.99 ± 21.62 20.55 ± 19.27 OF+NO 
Walking
†
 29.39 ± 16.43 31.76 ± 19.29 32.29 ± 16.54 OF+NO 
Proximity
†
 65.19 ± 19.89 60.10 ± 20.81 63.47 ± 19.64 OF+NO 
Exploring area
+
 1.27 ± 0.61 1.22 ± 0.58 1.29 ± 0.53 OF+NO 
Exploring mate
+
 0.13 ± 0.12 0.11 ± 0.12 0.15 ± 0.11 OF+NO 
Aggressiveness
+
 0.01 ± 0.04 0.01 ± 0.04 0.02 ± 0.05 OF+NO 
Playing
+
 0.56 ± 0.56 0.61 ± 0.58 0.57 ± 0.47 OF+NO 
Return in waiting box
+
 0.10 ± 0.11 0.11 ± 0.11 0.12 ± 0.14 OF+NO 
 
* Seconds.  
†
 % of time.  
+
 Number of actions/minutes. 
Means with different uppercase or lowercase superscript letters differ respectively for P<0.01 and P< 0.05. 
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ABSTRACT 
 
In order to evaluate the effect of long transport on weaned piglets transported in warm 
weather condition with different group composition, one-hundred and forty-four piglets, 
previously submitted to back test, were monitored during four journeys of 14 hours carried out 
from May to September. During transport, truck air temperature, skin temperatures, postural and 
behavioural occurrences were recorded. Prior to and after transportation blood samples were 
taken for analysis of physiological measures and body weight was also recorded. Environmental 
conditions differed during transport and between journeys (THI values, P<0.05). In general, piglets 
showed more activities during the first 4 hour of transport (difference in standing position and 
exploring behaviours, P<0.05), especially when the temperature was around 20°C. Piglets 
behaviour was significantly influenced by the type of pen composition since some differences 
were found in mixed groups (differences in exploring behaviours and biting objects, P<0.05). 
Conversely no differences were found according the result of back test classification. Changes in 
the frequency of behaviours can be used as indicators of the immediate challenges faced by 
piglets during transport and as a measure of ability to cope with these stressors. Significant 
variation with respect the baseline were found only for glucose which decreased (P<0.05) and for 
urea which increased (P<0.05) as a result of the prolonged fasting. Haptoglobin showed 
differences(in what direction?) in pre- and in post-transport depending on the period of journey 
(P<0.05).  
The results showed that journeys of 14 hours did not have consistent effects on physiological 
and behavioural parameters of weaned piglets. 
 
 
1. INTRODUCTION 
 
Transport represents a critical phase in animal production and is often considered as one of the 
main causes of stress (Mormede et al., 1982), with possible negative repercussions on health and 
welfare. Physical stress (fasting, fatigue, injury, and thermal extremes) and psychological stress 
(novelty, restraint and handling) could be experienced by the animals during transport inducing 
adaptive responses at the physiological and behavioural levels (Grandin, 1997). 
As recently reviewed by Lambooij (2007), several and detailed researches were carried out to 
evaluate and indentify factors affecting the welfare of pigs during transport. A large part of these 
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studies are focused on commercial pigs destined to the slaughterhouse while there are not so 
many those concerning piglets. In general, the studies on piglets showed that long transportation 
can be a severe stressor causing weight loss due to dehydration and feed withdrawal (Berry and 
Lewis, 2001; Lewis et al., 2005). These negative effects can be exacerbated if temperature reaches 
35° C (Lewis et al., 2003). Temperature is a crucial factor governing the amount of stress an animal 
experiences during transport. The application of acute cold and heat stress showed that piglets 
altered activity and resting times during attempts to cope with these stressors (Hicks et al., 1998). 
The European Food Safety Authority (EFSA) recommended a comfort zone between 20°C and 30 
°C for piglets less of 10 kg and between 14°C to 32°C for pigs up to 30 kg live weight (EFSA, 2004). 
Regarding the duration of transport, the Council Regulation (EC) No 1/2005 states that long 
journeys (> 8 h) are permitted if piglets are heavier than 10 kg. Where long transport of early 
weaned piglets (4-7 kg) is allowed, in journeys of 24 h the lying frequency increased and standing 
and sitting frequencies decreased after the first 12 h of transport (Lewis and Berry, 2006). 
Increasing transport duration was associated not only with some indicators of habituation but also 
with increasing drinking post transport and higher hematocrits, indicative of dehydration and 
thirst (Lewis and Berry, 2006). 
Pigs vary largely in behavioural reactions when exposed to the same stressful situation. 
Individual differences in adaptive or coping reactions of pigs have received growing attention, as 
the identification of basic characteristics that predict (mal)adaptation to husbandry conditions 
could be relevant both for pig husbandry and pig welfare (Bolhuis, 2005) In order to identify these 
characteristics, the Backtest (BT) has been used. During the test a piglet is put on its back and 
restrained in this position for 1min, while the number of escape attempts is recorded. Some 
piglets usually referred to as ‘high-resisters’ (HR), struggle a lot during the backtest, whereas 
piglets at the other end of the distribution tend to respond with immobility, the so-called ‘low-
resisters’ (LR). The response profiles of HR and LR piglets largely resemble the diverging coping 
styles, often referred to as (pro-) active versus passive/reactive. Though criticized for the problems 
with interpretation, and for the arbitrary cut-off points used to classify animals (Jensen et al., 
1995), several studies have shown that these two extreme responders in the backtest differ in 
various behavioural and physiological variables (Bolhuis et al., 2000; Geverink et al., 2002; Hessing 
et al., 1995; Schrama et al., 1997). Despite the interest for the potential differences in adaptive or 
coping reactions between HR and LR subjects, there are not studies where these differences were 
tested during a stress situation such as long transport. 
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The aim of this study was to determine the effect of long transport in different warm weather 
conditions on the behavioural and physiological responses of weaned piglets with special 
emphasis on group composition based on the different reactivity to backtest. In particular, on the 
basis of previous research carried out in different stress situations, we would expect to find a 
higher level of stress in HR subject and in general in transports with aversive weather conditions. 
 
 
2. MATERIALS AND METHODS 
 
All animal procedures were approved by the University of Bologna Ethical Committee. 
 
2.1 Piglet care and housing  
From April to August 2009, four batches of 60 piglets from commercial crossbred pigs 
((Landrace x Large White) x Duroc) were submitted to back test twice during the suckling period, 
once at 10 days and once at 17 days. Classification of pigs was based on the number of escape 
attempts (i.e. bouts of struggling with at least the hind legs) they displayed during 60 s. A pig was 
classified as high-resisting (HR) if it performed more than four escape attempts in the two tests, 
with a minimum of two attempts in one test. If a pig struggled less than four times in two tests, 
with a maximum of two attempts in one test, it was labelled low-resisting (LR) (Bolhuis et al., 
2003). On the basis of the back test, four groups of 48 piglets (24 HR and 24 LR) were selected and 
identified by auricular marker (an ear tag). Groups were weaned at 25 ± 2 days of age. At 33 ± 2 
days of age piglets were weighed (7.6 ± 1.2 kg) and transported for 1 hour to the experimental 
farm of DIPROVAL. Each group was housed in 12 pens (1 m x 1 m) with 4 piglets per pen. According 
to backtest result, 4 HR pens (H), 4 LR pens (L) and 4 mixed pens (M), the latter with 2 HR and 2 LR 
piglets, were arranged. The pens with rubber slatted floor were lift off the ground . The space 
allowance was 0.20 m2 per head (Council Directive 2008/120/EC). Temperature was held at 27° C, 
each pen was fed two times a day with a post weaned commercial feed (CP 18.5%, Lysine 1.20%, 
3500 Kcal ME/kg , G.I.Ma. S.p.a., Italy). Water was supplied at libitum using a water-nipple.  
On the basis of their fitness for transport, 36 piglets (18 HR and 18 LR) for each group were 
placed on trial in one of the four journeys carried out in May, June, July and September 2009.The 
piglets were allowed to acclimate to their new environment and pen mates for one week before 
transportation began. 
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2.2 Trailer design and transport condition 
A commercial multi-tier vehicle approved for long transportation (> 8 hours), equipped with 
mechanical ventilation and water supply systems was used. On the lower deck, eight pens whit 
wood shavings bedding were arranged. Space allowance was 0.15 m2 per head as suggested by 
Lambooij (2007). Drinking system was changed after the first journey. Pipelines were used to 
move the nipples from the whole of the vehicle to inside the pens. 
Piglets were loaded into pens of the lorry by a trolley keeping the same composition of pens as 
in the experimental farm except for front and rear pens where six piglets were mixed at loading 
(MAL) (fig. 1).  
Once piglets were loaded onto the vehicle, the vehicle was driven for a period of 14 hours on 
the same highway route (830 Km) and by the same drivers before it returned to the experimental 
farm. Further details on journey characteristics are provided in Table 1. The piglets were loaded 
onto the lorry at 02.00 a.m. and the journey started one hour late. Unloaded was started around 
05-00 p.m. In order to check the animals conditions, two stops of 30 minutes were carried out 
around 7.00 a.m. (Stop 1) and 12.00 p.m. (Stop 2). 
Four cameras (CIR 14/68, Fracarro, Italy) were placed over the pens and connected to a DVR 
recording system (DVR 2036T/R, Fracarro, Italy). The positioning of the cameras required 1.80 m of 
distance between the floor and the ceiling. Thus, the available volume of the deck was very wide 
and, in order to reach the highest environmental temperature, both natural and mechanical 
ventilation were not used. Differences between experimental transport and commercial transport 
were accepted in order to have more control over the experimental parameters. 
Air temperature and relative humidity were recorded by probes (Pro v2 logger, HOBO, USA) 
placed on the side of pens (approximately 40 cm above the floor). Thermal Humidity Index (THI) 
was calculated using the formula of Kelly and Bond (1971). Air quality was monitored using a 
probe for CO2 and NH3 (Drager x-am 5000, Germany) which was placed in the front part of the 
deck (fig. 1) where the ventilation is less efficient (Kettlewell et al., 2005). 
Piglets were weighed around the 04.00 p.m. of the day before transport. The body weights 
(mean ± SD) of loaded piglets in May, June, July and September journeys were 9.8 ± 1.6 kg, 10.3 ± 
2.0 kg, 10.7 ± 1.3 kg, and 8.5 ± 1.3 kg, respectively After weighing, the feed in the troughs was 
removed. Piglets were re-weighed within two hours from unloading. Piglets were not fed during 
transport while water was available continuously as requires by the EC Reg. No.1/2005. 
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2.3 Behavioural measures 
Behaviour of transported subjects was recorded during transport. All cameras were connected 
to a DVR recording system and were fastened at the same angle and height, so that the recorded 
area was similar among pens. Twenty minutes was observed for each hour of transport. All 
behavioural patterns are described in Table 2. Behaviours were quantified using scan sampling (1 
min intervals) for Exploring environment, Biting objects, Exploring mate and continuous sampling 
for Aggressiveness, Belly nosing and Drinking. The animal posture was identified by the following 
mutually exclusive behaviours: Standing, Resting and Sitting, all expressed in percentage. Only one 
observer previously trained to report consistent data from video tapes was used to evaluate 
behaviours. 
 
2.4 Blood sampling 
The day before transport piglets were blood sampled as baseline reference values. Blood 
sampling was repeated immediately after unloading. Blood samples were collected from the 
jugular vein in lithium heparin-coated tubes and in tubes without anticoagulant. One aliquot (1 ml) 
of whole blood was stored at 4°C. The remaining volume of heparinised blood was centrifuged at 
2,000 rpm for 15 minutes and the resulting plasma was stored in aliquots at -20°C for subsequent 
analyses. Serum aliquots were stored at -80°C until analysis. Whole heparinised blood samples 
were used to determine the haematocrit by means of an impedance cell counter (Cell-Dyn 3500, 
ABBOTT, Chicago, Illinois, USA). Plasma samples were used to determine the concentrations of 
glucose (Kit Roche, code 11447513216), lactate (Kit Randox, code LC2389), creatine kinase (CK) 
(Kit Roche, code 12132524216), urea (Kit Roche, code 11489364216), using a multi-analyzer 
(Syncron CX5, Beckman, Fullerton, CA). Serum samples were used for assays of cortisol (Kit 
Cortisol Immulite, Medical System, code LKC01), haptoglobin (Kit Phase Haptoglobin, Celbio, code 
TP 801), albumin and total protein (Kit Roche code TP 1553836). 
 
2.5 Skin temperatures 
Maximum skin surface (a circular spot with 10 cm of diameter on the back of the animals) 
temperature was recorded by a thermo-camera Flir P640 (Flir System, Milan). Dorsal images of 
each piglet into the truck were recorded by the same operator before the start, during the two 
stops and at the end of journey from a distance of 0.5 m, settling the camera with an emissivity of 
0.98. Camera was also set for temperature and relative humidity measured inside the vehicle by 
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portable Thermo-Hygrometer (HI9065, Hanna, USA). Images were processed using the software 
Therma CamPro2.9 Researcher (Flir System, Milan). 
 
2.6 Statistical Analyses 
For statistical analysis, the journey was divided in three periods, i.e. the first between departure 
and Stop 1 (Period 1), the second between the two stops (Period 2) and the third between Stop 2 
to arrival (Period 3) which were expected to be characterized by different environmental 
condition. Position in the deck was considered classifying the pens as located in the front or in the 
rear. Concerning the behavioural data analysis, the percentages of time spent of resting, sitting 
and standing was normalized by log transformation and analysed using PROC MIXED of SAS (2006). 
The model included the fixed effect of journey (4 levels), Period (3 levels), backtest classification (2 
levels), type of pen (4 levels), position in the deck (2 levels), sex (2 levels), the respective 
interactions, and the random effect of subject within journey. PROC GLIMMIX of SAS was used to 
generate least squares means of the other behavioural occurrences using the same model 
described above. 
Data of blood parameters were analysed using PROC MIXED of SAS. The model included the 
fixed effect of journey (4 levels), sampling time (2 levels), backtest classification (2 levels), type of 
pen (4 levels) position in the deck (2 levels), sex (1-2), the respective interactions, and the random 
effect of subject within journey. The weight of piglets before the journey was included as covariate 
but it never reach the statistical significance (P>0.05); thus it was removed from the model. Data 
were transformed to meet assumptions of homogeneity of variance and normality of residuals. 
Cortisol, creatine kinase, lactate were subjected to log10 transformations while inverse, square 
and square root transformations normalized data of albumin, total protein and haptoglobin, 
respectively. All transformed estimates were back-transformed for presentation to their original 
scale as arithmetic means. Data of percent body weight loss and skin temperature recorded by 
thermo-camera were analysed using PROC MIXED of SAS using the same model used for the data 
of blood parameters but without the effect of sampling time. Data of THI recorded during the four 
journeys was analysed using PROC GLM. The model included the journey (1-4) and the period (1-
3). 
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3. RESULTS 
 
3.1. Environment conditions 
Probe of CO2 and NH3 recorded a range from 0.04% to 0.10% and from 0 to 3.03 ppm 
respectively. The maximum levels recorded were below the thresholds of 0.15% CO2 and 10 ppm 
NH3 indicated (suggested) by Madec (2001). In general, the gaseous concentration slightly 
increased during the two stops, reaching the highest values during those occurred on July’s 
journey.  
THI and temperature values are shown in Table 3. THI variation during transport is shown in 
Figure 2, for all three periods, THI was significant higher in the journey of July than in other 
journeys. In all journeys, the lowest value of THI was recorded during Period 1 while the highest 
one during Period 3. During Period 3 of July journey the level of THI was over the limit of 75 
indicated as Alert (NVSCR, 1976) and over the maximum limit of comfort zone indicated by EFSA 
(2004). 
 
3.2. Body weight 
Percent body weight loss was greater (P<0.05) after the journeys carried out in May and in 
September, compared with June and July journeys. In the former the weight loss reached 5.7 % 
and 5.8% respectively, while in the latter journeys it was 4.6% and 4.8% respectively. 
 
3.3 Skin temperature 
Mean of skin temperatures measured at the surface of the back in July’s journey (37.8°C) were 
significantly higher than back temperature measured in May (34.8°C), June (36.7°C) and 
September (36.6°C). 
 
3.4. Behaviour during transport 
All behaviours included in Table 2 were displayed except for drinking that was never observed. 
The effect of journey was significant for all parameters with the only exception of Biting objects. 
Periods showed a significant effect on all Postures, on Exploration of environment and mates, and 
on Biting objects, while Pen compositions affected Standing, Exploring mate and environments, 
Biting objects and Aggressiveness. Back test classification, position in the deck and sex did not 
affect the behavioural response of the piglets during transport.  
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There was a significant interaction between journeys and periods for all postures, Exploration 
of environment and mates, and Belly nosing. In Table 4 are reported the last square means of 
interaction. Results show different activity rates between periods and journeys. With the only 
exception of September’s journey, activities significantly decreased from the first 4 hours in 
transport (Period 1) to the last 10 h in transport (Periods 2 and 3) as indicated by a reduction in 
Standing and Exploring behaviours and by a concomitant increase of Resting. In the May’s journey 
a reduction of activity involves also Sitting and Belly nosing which significantly decreased (P<0.05) 
from Period 1 to Period 2. In the September’s journey the effect of period was not evident with 
the only exception of significant reduction of exploring mates between period 1 and period 2 
(P<0.05). 
A behavioural pattern related to different THI conditions between journeys was not apparent, 
even if several differences in behaviour occurrences were found within all three periods. Sitting 
and Belly nosing showed differences between journeys in the Period 1 only. In the July’s journey, 
corresponding to the highest THI values, the highest value of Standing and Exploring environment 
and lowest value of Resting were observed during Period 1. 
Piglets behaviour was significantly influenced by the type of pen (Table 5). The subjects mixed 
at loading (MAL) showed the highest value in Exploring mate (P<0.05) but the lowest one in 
Exploring environments and biting objects (P<0.05). Significant differences in behaviour between 
HR and LR were found only for the percentage of time spent standing which was lower for LR 
subjects. The piglets of M pens showed the highest level of aggressive behaviour. 
 
3.5. Blood parameters 
The effects of journey, sampling time and their interaction were significant for Hematocrit, 
Glucose, Lactate, Urea, Albumin, and total protein. The sampling time did not affect Cortisol, 
Creatin Kinase and Haptoblobin. The type of pen showed a significant effect only on Haptoglobin 
while the position of the truck (front/rear) affected the plasmatic level of Urea only.  
Least squares means of blood parameters for each journey at different sampling time are 
reported in Table 6. Haematocrit showed significant but slight variations after the journeys, 
decreasing in June and September journeys and increasing in May’s journey only. Glucose 
concentrations were lower (P<0.05) than baseline in all journeys except for the May’s journey. 
Lactate was unchanged after July and September journeys while increased in May and decreased 
in June journeys. There was a difference (P>0.05) in baseline Cortisol concentration in May and 
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September journeys but not after transport. In May and July journeys Albumin concentration was 
higher and lower than baseline, respectively. Urea was higher (P<0.05) in post transport sampling 
on all journeys with the only exception of the journey carried out in June. Total protein 
concentrations were significant lower than baseline in June and July but not during the other 
journeys.  
Piglets transported in May had the lowest values of glucose and lactate before the journey but 
the highest values of glucose, lactate, total protein and haematocrit at the arrival. In journeys 
carried out on July and on September, piglets showed lowest values of glucose and albumin and a 
higher value of urea. After the journey of September, the lowest values of albumin and 
haematocrit were found. 
Haptoglobin showed differences in pre- and in post-transport depending on the period of 
journey. The highest and lowest values were found for both pre- and post-transport in the 
journeys carried out in May and July, respectively.  
 
 
4. DISCUSSION 
 
During all journeys and for almost the duration of the transports, truck air temperatures were 
within the range of the comfort zone for early-weaned piglets suggested by EFSA (2004). Only 
during the Period 3 in the July journey the maximum limit was passed. Even if natural and 
mechanical ventilation were not used, the concentration of CO2 and NH3 remaining always low. 
The numbers of piglets loaded into the vehicle did not lead to an increase of concentration of 
these gases. Piglets lost close to 5% of the body weight over the 14 hours of transport. This is the 
result not only of the prolonged fasting but also the failure of drinking water although available. 
The loss of weight recorded in the present study is less than showed by early weaned piglets 
(Lewis et al., 2006).  
As expected, skin temperatures were found higher in the journey where the internal 
temperature of the truck was high such as July. These results agree with previous finding of Nanni 
Costa et al. (2012) showing that the pattern of skin temperature measured by infrared thermo 
camera strictly followed the change in ambient temperature. Similar hair temperature variations 
according to the internal temperature of truck were reported by Lewis et al. (2006).  
Changes in the frequency of behaviours can be used as indicators of the immediate challenges 
faced by piglets during transport and as a measure of ability to cope with these stressors. It is 
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interesting to observe that the activity of piglets in standing and exploring was limited to the first 
hour of transport. Increased resting with duration of transport is a pattern similar to that observed 
either on early weaned piglets (Lewis et al., 2006) and in older pigs, and is consistent with fatigue 
as described by Lambooij (1998; 2000). Habituation to transport conditions may also have 
contributed to increased levels of resting in the last 5 hours of transport.  
Different environmental condition showed to affect the behaviour of piglets mainly in the first 
hours of the journey. In the transport carried out in July, the higher temperature during the period 
1 (more than 5°C respect to the other journeys (more than 20° in the first period ) is probably the 
cause of the highest standing and exploring activity and lowest resting in comparison to the 
activities recorded during the corresponding period of the other journeys. The highest 
temperature and a THI over 75, recorded in the Period 3 during the July’s journeys did not affect 
the activity of piglets which remain more elevated with respect the previous journey carried out 
with lower temperature. Pigs that were heat-stressed generally had a depressed activity level and 
pigs mainly engaged in lying behaviour, and thus had significantly fewer feeding and standing 
periods (Hicks et al., 1998), the high temperature recorded in the afternoon could having 
contributed to decrease in piglets’ activity at the end of transport. The September’s journey, even 
if carried out in environmental condition very close to those recorded in May and June, showed in 
Period 2 and 3a behaviour pattern very different with respect to the others journeys. In fact, the 
activity of piglets transported in September remained high as shown by the highest standing and 
the lowest resting and exploring activity. Other uncontrolled factors than the environmental 
condition could be responsible of this result.  
Surprisingly, during the journey piglets did not show any attempt to drink, even when the 
drinking system was changed to be very similar to this available at the experimental farm. A strong 
reduction of drinking was recorded in slaughter pigs submitted to long journeys (Lambooij, 2007), 
while there is not available information on this behaviour on piglets. Lewis et al. (2006) showed in 
piglets early weaned an increase of drinking after a long transport with respect to un-transported 
piglets.  
Exploring mates was higher in MAL pens than in others pens and there was less aggressive 
behaviour in the latter ones. This finding is in contrast with was observed in fattening pigs which, 
when mixing occurs, fight with unfamiliar individuals (Arey and Franklin, 1995; Fraser, 1974). The 
low level of aggressiveness observed in transport may therefore be indicative of a novelty 
situation enough to delay establishment of a dominance hierarchy, as observed by Lewis (2006). In 
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M pens aggressiveness was higher than in other pens, this result is in contrast with Ruis et al. 
(2002) results which show that the most stable social relationship existed between HR/LR pairs. 
The results of blood analysis showed that journeys lasting 14 hours slightly affected the piglets’ 
homeostasis. At the end of transport significant variation with respect the baseline was found only 
for glucose which decreased and for urea which increased as a result of the prolonged fasting. 
Transport of 24 h was found to reduce plasma glucose concentration in slaughter weight pigs 
(Bertol et al., 2005). Little variations in hematocrit percentage were found after transport. Similar 
slightly variations in hematocrit over journey time were observed on piglets by Averos et al. (2009) 
and on gilts by Brye et al. (2011). Despite the absence of water consumption during transit, the 
values of hematocrit indicate that piglets after the journeys were not dehydrated. This finding is 
supported by the absence of increase in total protein and albumin concentrations which were 
found to be associated to dehydration in gilts (Bryer et al., 2011).  
Both initial and final Haptoglobin concentrations were lower than those found by Averos et al. 
(2009) on piglets subjected to short and long commercial transport. The absence of significant 
changes after transport could not permit to assess if an acute phase responses occurred. 
 
5. CONCLUSION 
 
Under the condition of the present study, the results obtained by means of different 
physiological and behavioural indicators show that journeys of 14 hours did not have consistent 
effects on weaned piglets. Even if any difference between HR and LR individuals were found, 
grouping and mixing the subjects may affect how piglets cope with transport. Further studies are 
essential to shed light on the effect of transport on the performance and welfare of early-weaned 
piglets and to bring up new questions about the stress response of this species under challenging 
situation. On the other hand, the present results suggest the importance to take in account the 
coping style classification and the effect of grouping and mixing procedure to evaluate the effect 
of long transport. 
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Figure 1. 
Trailer layout.  
Piglets were transported in compartments with the same compositions of original pens or with a mixed composition.  
Positions of video recording cameras are indicated with 
Probes of temperature and humidity are indicated with 
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Fig. 2.  
Fluctuation of temperature- humidity index inside the trailer during transport period for all journeys. Values between 
75 and 80 belong to Attention Zone. 
 
 
 
 
Table 1.  
Journey characteristics and environmental condition inside the vehicle.  
 
(1)
 THI: Thermal Humidity Index 
 
 
Table 2.  
Behavioural categories recorded. 
 
Journeys Date Duration (min) 
Temperature 
(°C) (range) 
Relative Humidity 
(%) (range) 
THI
(1)
 (range) 
May 13/5/09 840 16.27-28.39 36.26-70.71 60.77-74.50 
June 16/06/09 825 15.77-31.56 29.43-75.55 60.07-76.86 
July 22/07/09 860 21.58-35.03 34.15-77.05 69.21-80.51 
September 09/09/09 820 16.82-26.42 32.99-65.96 61.41-72.97 
Variable name Registration 
Standing standing on its legs, with or without head movements. 
Sitting body supported on the front legs and hindquarters. 
Resting lying in a ventral or sternal position with or without head movements. 
Exploring mate Smelling, sucking, licking or touching one or more mates. 
Exploring environment Smelling, licking or touching floor or bars. 
Biting objects Biting floor or bars. 
Aggressiveness Biting, pushing, beating one or more mates. 
Belly nosing Strong and repeated movements of snout against to belly of mates. 
Drinking Piglets was in close proximity to the drinker and moving the mouth. 
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Table 3.  
THI and Temperature values between periods and journeys.  
 
 
(1)
 SE: Pooled standard error 
Means within a row with different letters (a–c) differ (P < 0.05). 
Means within a column with different letters (x–y) differ (P < 0.05). 
 
 
 
 
 
 
 
Table 4.  
Changes in behaviour of piglets observed during 14 hours of transport. 
 
 
(1) 
SE: pooled standard error 
Means within a row with different letters (a–c) differ (P < 0.05). 
Means within a column with different letters (x–y) differ (P < 0.05). 
 
May June July September SE
(1)
 
 
THI T° THI T° THI T° THI T° THI T° 
Period 1 62.7
ax 17.67 61.9
ax   17.04 70.0
bx 22.29 64.0
cx   18.90 0.19 0.51 
Period 2 65.3
ay 19.65 68.9
by  22.78 73.2
 cy 24.77 67.0
dy   21.03 0.19 2.66 
Period 3 71.7
az 25.63 75.2
bz   29.57 77.2
cz 29.68 72.0
dz  26.38 0.17 3.09 
  
May June July September SE
(1)
 
Standing (%) 
 
 
Period 1 26.80
a  x 
29.51
a  x 
57.09
b  x 
33.45
a   
4.82 
Period 2 8.82
a  y 
19.21
ab y  
34.44
b  y 
38.32
b   
5.50 
Period 3 11.26
a  y 
14.52
a  y 
23.75
ab  y 
37.81
b   
5.11 
Sitting (%) 
 
 
Period 1 4.28
a  x 
1.13
b   
4.76
a   
1.15
b   
0.84 
Period 2 1.46
  y 
1.08
   
2.99
  
2.64
   
1.05 
Period 3 0.74
  y 
1.50
   
2.59
   
1.50
   
0.82 
Resting (%) 
 
 
Period 1 68.92
a  x 
69.35
a  x 
38.15
b  x 
65.40
a   
4.92 
Period 2 89.72
a  y 
79.71
b  xy 
62.57
bc  xy 
59.05
c   
5.07 
Period 3 88.00
a  y 
83.98
a  y 
73.66
b  y 
60.69
b   
5.31 
Exploring mate 
 
 
Period 1 2.25
b  x 
0.67
c   
3.93
a  x 
4.79
a  x 
3.03 
Period 2 0.31
c  y 
0.40
b   
0.88
ab  y 
1.62
a  y 
1.11 
Period 3 0.26
b  y 
0.73
a   
0.97
a  y 
1.29
a  y 
1.29 
Exploring environment 
 
 
Period 1 2.70
b  x 
3.63
ab  x 
6.45
a  x 
2.06
b   
2.67 
Period 2 0.73
c  y 
1.54
b  xy 
2.30
ab  y 
3.67
a   
3.09 
Period 3 0.85
b  y 
1.50
b  y 
1.34
b  y 
3.32
a   
2.58 
Belly nosing 
 
 
Period 1 1.86
a  x 
0.00
b   
2.67
a   
0.52
ab   
0.01 
Period 2 0.47
  y 
0.70
   
1.58
   
1.78
   
0.10 
Period 3 0.27
y 
0.27
 
1.31
 
1.89
 
0.16 
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Table 5.  
Behavioural difference between composition of pens  
 
 
(1)
 SE: Pooled standard error 
Means within a row with different letter (a-b) differ (P < 0.05). 
 
 
 
Table 6.  
Least Squares mean of blood parameter for each journey 
 
 
(1)
 SE: Pooled standard error 
Least square means within a row with different letters (a–c) differ (P < 0.05). 
Least square means within a column with different letters (x–y) differ (P < 0.05). 
 
 
HR LR M MAL SE
(1)
 
Standing (%) 30.18
a
 23.29
b 
29.98
a 
25.98
ab 
2.82 
Exploring mate 1.08
b 
 0.83
b  
1.00
b  
2.43
a  
0.92 
Exploring environment 2.64
ab  
2.20
ab  
3.00
a  
2.02
b  
1.57 
Biting objects 0.33
ab  
0.62
a  
0.39
ab  
0.25
b  
0.06 
Aggressiveness 0.36
ab  
0.34
ab 
 0.69
a  
0.30
b  
0.03 
   May June July September SE
(1)
 
Haematocrit (%) pre 32.54
ab  x 
34.47
a  x 
32.31
ab   
31.47
b  x 
0.59 
 post 35.10
a  y 
31.13
bc  y 
32.55
b    
29.24
c  y 
0.49 
Glucose (mmol/l) pre 5.27
b   
6.13
a  x 
6.17
a  x 
6.76
a  x 
0.17 
 post 5.96
a   
4.86
b  y 
3.20
c  y 
3.34
c  y 
0.17 
Lactate (mmol/l) pre 4.39
b  x
 8.50
a  x 
6.52
a   
7.83
a   
0.43 
 post 10.22
a  y 
5.60
c  y 
7.88
ab   
6.54
bc   
0.49 
Cortisol (nmol/ml) pre 2.86
b   
3.41
ab   
3.64
ab   
4.52
a   
0.46 
 post 4.13
 
3.40
 
4.26
 
3.15
 
0.45 
Creatine Kinase (UI/l) pre 1066.23 947.45 760.05 996.05 209.02 
 post 1028.80
 
1031.03
 
855.75
 
808.53
 
191.33 
Urea (mmol/l) pre 1.54
ab  x 
2.00
a   
1.89
a  x 
1.25
b  x 
0.38 
 post 3.36
b  y 
2.40
c   
4.62
a  y 
4.44
a  y 
0.76 
Albumin (g/l) pre 23.92
ab   
21.73
bc  x 
26.25
a  x 
18.17
c   
0.13 
 post 25.56
a   
27.94
a  y 
21.38
b  y 
18.76
c   
0.14 
Total Protein (g/l) pre 51.00
b   
49.12
b  x 
55.08
a  x 
41.76
c  x 
0.69 
 post 53.11
a   
37.97
c  y 
48.55
b  y 
43.17
c  y 
1.00 
Haptoglobin (mg/ml) pre 1.48
a   
0.84
b   
0.58
b   
0.78
b   
0.10 
 post 1.00
a   
0.89
a   
0.70
b   
0.93
a   
0.11 
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ABSTRACT 
 
Many studies have focused on the transport of cattle to fattening farms or to slaughterhouses 
but there is little information concerning the transport of young bulls delivered to the genetic test 
stations for selection. Due to the high expected value of young AI candidate bulls, their transport 
conditions could be very different from those intended for other cattle categories. The objective of 
the present study was to examine the effect of transport on behavioural response and on some 
blood variables of 26 young Holstein bulls (mean weight kg 278 ± 64) before, during and after 
short journeys (duration < 8 hours) to a genetic test centre. Behavioural patterns such as agonistic 
and affiliative interactions, environmental and conspecific explorative behaviour were recorded by 
means of an instantaneous sampling method at the farms of origin, into the truck and at the 
genetic test station. Moreover, standing orientation and postures during transport were recorded. 
Blood samples were collected by jugular venipuncture before transport (- 4 days, T -4), 
immediately after transport (day 0, T 0) and at 4 days (T +4) relative to time day 0. The space 
allowance during transport, ranging from 1.50 m2 to 3.75 m2 per head, enabled the animals to 
move quite freely and adopt comfortable positions. Young bulls did not show any preferences in 
their standing orientation during journeys and they were observed in a lying position for short 
time periods; they were also observed to ruminate, especially during the stationary periods of the 
journey. Mixing of animals during journeys did not affect their behaviour. The agonistic behaviour 
rate was higher during transport (P= 0.049) and in the first two hours after unloading (P= 0.003) 
than on the rearing farms. Four days after transport, agonistic behaviour decreased compared to 
the level observed during the first two hours after unloading (P = 0.003), whereas affiliative 
behaviours increased (P= 0.023); however, since the hourly rate of agonistic interactions remained 
higher than the rate observed on the farms of origin (P = 0.001), we postulate that hierarchical 
relationships were not well established yet. After unloading, all animals spent more time 
interacting with others than exploring their new pen. Plasma glucose and non–esterified fatty acid 
(NEFA) concentrations both increased significantly after transport. There were no changes in the 
activity of plasma creatine kinase (CK) after transport, suggesting that the journeys did not cause 
physical exertion. The results indicate that the transport conditions adopted for the AI candidate 
bulls only slightly affected the behavioural response and blood variables examined here and could 
be considered satisfactory for their welfare. 
 
Keywords: Stress; Transport; Welfare; Young bull, Genetic; Test station. 
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1. INTRODUCTION 
 
Transport represents a critical phase in animal production and is often considered as one of the 
main causes of stress (Mormede et al., 1982), with possible negative repercussions on health and 
welfare. Novelty, fatigue, handling and mixing of animals during transport induce stress, which is 
expressed by specific physiological and behavioural changes. Other factors such as the duration of 
transport, stocking density and ventilation may also contribute to the impact of transport (Tarrant 
et al., 1992; Tarrant and Grandin, 2000; Buckham Sporer et al., 2007; Gupta et al., 2007). 
Changes in behaviour can occur when an animal is coping with handling or transport (Broom 
2003). Some of these help to show which aspects of the situation are aversive. When male adult 
cattle are mixed during transport or in lairage, they may fight, and this behaviour can be recorded 
directly (Kenny and Tarrant, 1987). Calves of 6 months of age may also fight (Trunkfield and 
Broom, 1991). Swanson and Morrow-Tesch (2001) reviewed cattle transport literature and 
concluded that: (a) factors involved with “transport stress” include pre-transport management, 
noise, vibration, novelty, social regrouping, crowding, climatic factors (temperature, humidity and 
air composition), restraint, loading and unloading, time of transit, and feed and water deprivation; 
(b) young calves are especially vulnerable to “transport stress” with problems of morbidity (e.g. 
diarrhoea, pneumonia and “shipping fever”) and mortality; (c) agonistic behaviour seems to be 
decreased by crowding and the motion of the truck. Tarrant and Grandin (2000) found that 
restlessness can result in changes in posture triggered by social interactions, such as chin resting 
and mounting, as well as by driving events like cornering while the truck is travelling. On long 
journeys, the standing orientation is most commonly perpendicular to the direction of travel and 
cattle tend not to lie in trucks when they are travelling; obviously, the maintenance of balance 
heavily depends on driving events (Tarrant and Grandin, 2000). 
There are several blood variables influenced by transport (Crookshank et al., 1979) that are 
used as stress indicators. Stressors are conducive to both physical and neuro-endocrine changes, 
like the activation of the sympathetic-adrenal (Saunders and Straub, 2002) and hypothalamic 
pituitary-adrenal (HPA) axis (Haddad et al., 2002); as a result, the plasma cortisol concentration is 
widely used as stress indicator. Additionally, changes in blood glucose and muscle enzyme 
activities such as creatine kinase (CK) may be of some importance, the latter being associated with 
muscle tissue injury (Stephens, 1980; Tripp and Schmitz, 1982). Other blood parameters such as 
total protein and albumin have been proposed as physiological indicators of dehydration during 
transport (Knowles and Warriss, 2007). Acute phase proteins (APP) are a group of molecules 
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whose concentrations vary in animals subjected to internal or external challenges such as 
infection, inflammation, surgical trauma or stress (Eckersall, 2000; Murata et al., 2004). 
Haptoglobin (Hp), and the positive acute phase proteins in cattle may be useful to evaluate the 
influence of transport on cattle welfare (Murata and Miyamoto, 1993; Arthington et al., 2003).  
Although numerous studies have investigated the effects of transport on cattle destined to 
finishing farms or to slaughterhouses, to our knowledge there are no reports concerning the 
transport of young dairy bulls to genetic test stations. As a result, basic information on young 
breeding bulls during road transport could contribute to improving the economic and welfare 
aspects of transportation. (what aspects of economy and welfare?) Therefore, the aim of this 
study was to investigate some specific behavioural and blood variables of young AI candidate bulls 
during short journeys to a genetic test centre.  
 
 
2. MATERIALS AND METHODS 
 
2.1 Animals and transportation procedures 
A total of twenty-six Holstein bulls from seven different dairy farms were monitored during 
journeys from farms to the genetic test station of the Italian Holstein Breeders Association 
(ANAFI). The animals were 242 ± 42 days old and their weight was 278 ± 64 kg. At the farms of 
origin, the bulls were fed with grass hay and concentrate. They were mostly housed two per pen 
on straw-bedded floors with water always available at a space allowance ranging from 1.5 to 3.75 
m2/head. Only three subjects were found to be housed alone in their pens. We monitored five 
journeys at loading, during transport and at unloading between December 2008 and July 2009. 
The journeys examined were planned by the genetic station in order to collect candidate bulls 
from farms located in an area of the Piedmont region located about 300 km from the genetic test 
station. A commercial truck with a standard loading deck (length 6.60 m, width 2.50 m and height 
2.50 m) was used. In this type of vehicle, natural ventilation is provided by 9 windows (length 0.75 
m, height 0.35 m) per side. Mechanical ventilation during stops is provided by 9 fans placed close 
to the windows on the right side. Video recording equipment and batteries were placed close to 
the front wall in a space (0.6 m x 2.50 m) separated by a partition. Thus, the total space allowance 
for the animals was 15.0 m2. During all journeys another partition was placed in the middle of the 
deck leading to a front and a rear compartment with the same space allowance. The floor of both 
compartments was deep bedded with straw for each journey. The space allowance ranged from 
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1.50 m2 to 3.75 m2 per head. Information on the space allowance per compartment/journey and 
on transport conditions is shown in Tables 1 and 2. The truck and driver were the same for all 
journeys. Eleven bulls coming from different farms were mixed in the same truck compartment 
(see Table 2), as the established protocol of the genetic station does not exclude this practice. Air 
temperature and relative humidity (Table 2) were recorded every 30 sec throughout the journey 
by two sensors (Pro v2 logger, HOBO, USA) placed in each compartment and positioned on the 
side of the partition at a height of 1.5 m from the floor. 
Transportation started immediately after loading of bulls. Due to a vehicle stop occurring 
during the third journey, data of three subjects were not considered because the transport time 
exceeded the 8-hour limit for short-distance journeys established by EU regulation 1/2005. Each 
journey was tracked by means of a GPS System (Truckstick II, Telespial Sys., USA) so as to monitor 
the route, stops and travelling speed. The truck travelled mainly on national highways at an 
average speed of 70 km/h. After arriving at the genetic station, all bulls were immediately 
unloaded and placed in a straw-bedded quarantine pen (8.0 m x 4.5 m), where hay (DM= 90.0%, 
Net Energy/kg DM=3.56MJoule, crude protein % DM= 13.0) and water were available ad libitum. 
The groups of bulls located in the quarantine pen also included subjects arriving the same day 
from other farms, so that the total number ranged from 12 to 14 subjects. Two days after the 
arrival, the hay was supplemented with 2.0 kg of a commercial concentrate (Net Energy/kg DM 
=7.82MJoule, crude protein % DM = 22.3) per animal per day.  
 
2.2 Behavioural measures 
Behavioural data were collected by video recording before, during and after the journey. In 
each cattle farm, four days before the journey (T-4), the bulls’ behaviour was recorded by manual 
video recording (DCR-HC42E Sony Handy Cam) for two hours. Digital cameras (CIR 14/68, Fracarro, 
Italy) were placed in each compartment of the truck to record the behaviour and postures of bulls 
throughout the journey. All cameras were connected to a DVR recording system (DVR 2036T/R, 
Fracarro, Italy) and were fastened at the same angle and height, so that the recorded area was 
similar among compartments. Recording of behaviour began as soon as the bulls were loaded and 
the ramp was raised and continued until the truck arrived at the genetic centre. Finally, at the 
genetic centre the behaviour of bulls was recorded for two hours after the journey (T0) and 4 days 
later (T+4). 
Effect of short road journeys 
77 
During video analysis, all behavioural patterns (for a description see Table 3) were recorded 
using the “all occurrences” or “instantaneous” sampling method. In particular, agonistic and 
affiliative behaviours, environment and conspecific explorative behaviours and restlessness were 
recorded by the “all occurrences” sampling method (Altmann, 1974). The standing orientation of 
animals (diagonal, perpendicular and parallel orientations) and their postures during the journey 
(lying down and standing) were recorded using the “instantaneous” sampling method (Altmann, 
1974). The bulls were identified on the basis of differences in coat spots.  
The observation time varied among animals because the journeys had different durations. 
Therefore, when comparing the behaviour of all individuals under different conditions (before, 
during and after the journey) we corrected the individual measures of behavioural patterns based 
on animal observation time, so as to obtain the hourly rate of each behavioural pattern 
considered. All behaviours were compared distinguishing between stationary and travelling 
vehicle situations.  
Only one observer was used to evaluate behaviours: she had been previously trained to report 
consistent data from video tapes. 
 
2.3 Collection and processing of blood samples 
Ten ml blood samples were collected from the jugular vein in lithium heparin-coated tubes and 
in tubes without anticoagulant. The first blood sample (T-4) was collected four days before the 
journey to provide baseline values. Two further samples were collected immediately after the 
bulls were unloaded from the truck (T0) and four days (T+4) after the arrival at the Genetic Centre. 
T-4 and T+4 samples were taken at the same hour. T0 sample depended to arrival time. One 
aliquot (1 ml) of whole blood was stored at 4°C. The remaining volume of heparinised blood was 
centrifuged at 2,500 rpm for 15 min and the resulting plasma was stored in aliquots at -20°C for 
subsequent analyses. Non–heparinised blood samples were stored at room temperature for 2 
hours and centrifuged at 2,500 rpm for 15 min; serum aliquots were stored at -80°C until analysis. 
 
2.4 Blood analyses  
Whole heparinised blood samples were used to determine haematocrit by means of an 
impedance cell counter (Cell-Dyn 3500, ABBOTT, Chicago, Illinois, USA). Plasma samples were used 
to determine the concentrations of glucose (Kit Roche, code 11447513216), lactate (Kit Randox, 
code LC2389), creatine kinase activity (CK) (Kit Roche, code 12132524216), urea (Kit Roche, code 
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11489364216), non–esterified fatty acids (NEFA) (Kit Randox, code FA115) and β-hydroxybutyrate 
(BHB) (Kit Rambut, Randox, code RB1007) using a multi-analyzer (Syncron CX5, Beckman, 
Fullerton, CA). Serum samples were used for assays of cortisol (Kit Cortisol Immulite, Medical 
System, code LKC01), haptoglobin (Kit Phase Haptoglobin, Celbio, code TP 801) and total protein 
(Kit Roche code TP 1553836). 
 
2.5 Statistical Analyses 
Chi-squared test was used to look for differences among standing orientations (perpendicular, 
parallel, and diagonal) of the animals during journeys. The Wilcoxon signed rank test was used to 
compare  the hourly rates of behavioural categories observed at each sampling time and the 
behaviour of animals under the different conditions (before, during and after the journey); in the 
second analysis to adjust for multiple comparisons (3 comparisons: T-4 vs T0, T-4 vs T+4, T0 vs T+4) 
the significance level α was adjusted using the Bonferroni method (dividing a by the number of 
tests: 0.05/3 = 0.016; Sokal and Rohlf 1995). Mann-Whitney U test was used to detect the effect of 
mixing on behavioural patterns. Due to some problems during video recording, behavioural data 
concerning some animals under different conditions were missing; therefore, the number of 
animals in each comparison is not the same (see Table 1 for details). All non-parametric tests (two-
tailed) were performed by using the STATISTICA package, 7.1 edition (StatSoft Italy s.r.l. 2005).  
Blood parameters data were analysed using PROC mixed for repeated measures of SAS (2006). 
The model included the fixed effect of sampling time, journey, farm of origin, sampling time × 
journey and sampling time × farm of origin interactions and the random effect of subject within 
journey. In addition, the weight and the age of calves, the space allowance in compartments and 
journey duration were included as covariate terms in the model. None of these covariates were 
statistically significant (P>0.05); thus they were removed from the model. Data were transformed 
to meet assumption of homogeneity of variance and normality of residuals. Cortisol, NEFA, 
creatine kinase and haptoglobin data were subjected to log10 transformations. All transformed 
estimates were back-transformed for presentation to their original scale as arithmetic means. 
 
 
 
 
 
Effect of short road journeys 
79 
3. RESULTS 
 
3.1. Behaviour during the journey 
There was no preference in standing orientation with respect to the long axis of the truck either 
in stationary (χ2 = 2.67, n = 19, d.f. = 2, P = 0.26) or travelling periods (χ2 = 0.06, n = 21, d.f. = 2, P = 
0.97) of journeys. The bulls spent about the same amount of time in perpendicular (travelling 
period: 33.77 ± 19.07%; stationary period: 37.74 ± 21.80%), diagonal (travelling period: 32.53 ± 
12.95%; stationary period: 30.86 ± 12.53%), and parallel standing orientations (travelling period: 
33.70 ± 15.57%; stationary period: 31.31 ± 16.79%). Bulls spent 7.20% of the journey lying down 
and there was no difference in time spent standing while the vehicle was stationary or travelling (t 
= 9, z = 0.85, n = 19, P = 0.40). Some bulls (N=12) were observed to ruminate for a longer time 
while the vehicle was stationary (16.70%) as compared to during travel (6.88%), although the 
difference was not significant (t = 13, z = 1.78, n = 12, P = 0.08).  
The hourly rate of restlessness (t = 67, z = 1.27, n = 19, P = 0.26), social interactions (agonistic 
behaviour: t = 65, z = 0.89, n = 19, P = 0.37; affiliative behaviour: t = 20, z = 0.76, n = 19, P = 0.44) 
and explorative behaviours (environment: t = 55, z = 1.61, n = 19, P = 0.11; conspecific: t = 71, z = 
0.26, n = 19, P = 0.79) did not differ between stationary and travelling periods. Therefore, data 
concerning the two periods were processed together for the subsequent analyses. 
Mixing of animals in the truck compartments did not affect the hourly rate of social interactions 
(Mann-Whitney U Test; agonistic behaviour: U = 45, n1 = 10, n2 = 11, P = 0.48; affiliative 
behaviour: U = 39, n1 = 10, n2 = 11, P = 0.22), and explorative behaviours (environment: U = 50, n1 
= 10, n2 = 11, P = 0.73; conspecific: U = 32.5, n1 = 10, n2 = 11, P = 0.11).  
 
3.2. Behaviour in rearing farms and during the journey  
To compare the bulls’ behaviour during the journey with that observed on farm, subjects 
previously housed alone in their pens (n = 3) were excluded.  
Bulls interacted agonistically and explored the environment more frequently during the journey 
than on farm (t = 30, z = 1.96, n = 16, P = 0.049; t = 8, z = 3.10, n = 16, P = 0.002 respectively). 
There was no significant difference regarding the affiliative behaviour (t = 31, z = 1.65, n = 16, P = 
0.099), even if it was more frequent on farms. Moreover, there were no differences in conspecific 
exploration between the two sampling times (t = 48, z = 1.034, n = 16, P= 0.30). 
 
3.3. Behaviour before and after the journey  
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Bulls showed the highest hourly rate of agonistic behaviour during the two hours after 
unloading (T0vsT+4: t = 11.5, z = 2.92, n = 17, P = 0.003; T0vsT-4: t = 6, z = 3.58, n = 19, P = 0.003; 
Fig. 1). Four days after the journey, the rate of agonistic behaviours was lower than during the first 
two hours after unloading, although it remained significantly higher than that observed in the 
farms of origin (T+4vsT-4: t = 0, z = 3.41, n = 16, P = 0.0006; Fig. 1). In contrast, affiliative 
behaviours were more frequently observed in farms compared with the genetic centre during the 
first two hours after unloading (T-4vsT0: t = 22.5, z = 2.35, n = 19, P = 0.019; Fig. 1), although the 
difference was not significant. After four days we observed a slight increase in affiliative 
behaviours among bulls (T0vsT+4: t = 20, z = 2.27, n = 17, P = 0.023; Fig. 1) but they remained 
lower than those observed on the farms of origin, although the differences were not significant (T-
4vsT+4: t = 29.5, z = 1.44, n = 16, P = 0.15; Fig. 1). 
Conspecific explorative behaviours recorded among bulls at the genetic centre during the first 
two hours after unloading were higher than those recorded after four days, although the 
difference failed to reach a statistically significant level (T0vsT+4: t = 18.5, z = 1.89, n = 17, 
P = 0.059; Fig. 1); moreover, the hourly rate of these behaviours did not differ between farms and 
the genetic centre (T0vsT-4: t = 75.5, z = 0.44, n = 19, P = 0.66; T+4vsT-4: t = 24.5, z = 1.47, n = 16, P 
= 0.14; Fig. 1). 
At the genetic centre bulls showed a lower frequency of environment exploration than at farms 
(T0vsT-4: t = 26, z = 2.78, n = 19, P = 0.006; T+4vsT-4: t = 3.5, z = 3.34, n = 16, P = 0.0009; Fig. 1). 
Moreover, at the genetic centre the exploration of the environment was more frequently 
displayed during the first two hours after unloading than after four days, although the difference 
failed to reach a statistically significant level (T0vsT+4: t = 22.5, z = 1.88, n = 17, P = 0.06; Fig. 1). 
We analysed each sampling time independently in order to compare the hourly rates of all 
behaviours observed. The statistical significance of the comparisons within each sampling time is 
reported in Table 4, while the distribution of acts per hour for each type of behaviour is shown in 
Figure 2. On the farms (T-4), the most frequent behaviour was exploration of the environment, 
while affiliative behaviour was more frequently displayed than agonistic behaviour, which was 
observed at the lowest frequency (Fig. 2). 
During the first two hours after unloading (T0), agonistic and affiliative behaviours were the 
most and the least frequent behaviours respectively (Fig. 2). Agonistic behaviours remained the 
most frequent also four days after the arrival at the genetic centre; nevertheless, hourly rates of 
all behaviours considerably decreased (Fig. 2).  
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We considered all agonistic behaviours occurring at the genetic centre (T0 and T+4) to evaluate 
whether each individual was more aggressive towards unfamiliar subjects. As expected, we found 
a higher level of agonistic behaviours among unfamiliar bulls than among familiar ones (t = 11, z = 
2.41, n = 13, P = 0.016). 
3.4. Blood parameters  
In the current study, sampling time had a significant effect (P<0.05) on haematocrit, urea, 
glucose, lactate, BHB and NEFA, with tendencies toward significance for CK (P=0.068), haptoglobin 
(P=0.053) and cortisol (P=0.061). The journey had a significant effect (P<0.05) on haematocrit, 
albumin, total protein, creatine kinase and glucose, while the farm of origin of the transported 
bulls did not show any significant effects (P>0.05) on the plasma and serum parameters under 
study. There was a significant interaction between sampling time and journey for plasma 
concentrations of albumin, total protein, urea, glucose, lactate and BHB. Significant interaction 
between sampling time and farm of origin was found for glucose, lactate and BHB. 
The least square means of blood parameters at different sampling times are shown in Table 5. 
Haematocrit was not increased by transport and was lower than T0 four days later at the genetic 
centre. Transport showed significant effects on some metabolic parameters such as glucose and 
NEFA which were higher (P < 0.05) at unloading as compared with the levels observed in the pre-
transport period and at 4 days after transport. There were no significant differences in Urea and 
BHB concentrations between samples collected pre-transport and immediately after unloading. 
Pre-transport concentration of plasma lactate were higher (P < 0.05) compared with the levels at 
arrival and 4 days later. Although not significant, a similar trend toward an increase immediately 
after unloading and a decrease four days after transport was observed for cortisol and haptoglobin 
concentrations. No significant changes in albumin or total protein were observed between the 
different sampling times. 
As regards the effect of journey (data not shown), which was related to the variation of 
environmental conditions between journeys, haematocrit significantly decreased (P<0.05) from 
the second (35.90 ± 0.64) to the fifth (30.03 ± 0.43) journey. Glucose and NEFA showed a similar 
trend, decreasing from 5.50 ± 0.14 mmol/l to 3.73 ± 0.12 mmol/l and from 0.39 ± 0.04 milleq/l to 
0.22 ± 0.048 milleq/l, respectively, from the first to the fifth journey. The journey affected the 
concentrations of total protein and haptoglobin which, without any apparent cause, were 
significantly lower (P<0.05) in the second and third journeys, respectively. Regarding the effect of 
interactions between sampling time and journey on plasma concentrations of albumin, urea, 
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glucose, lactate and BHB (data not shown), there was no apparent meaningful association, even 
though the response of some groups of loaded subjects was slightly different from that of other 
groups. Similar results were found by analyzing the interaction between sampling time and farm of 
origin on glucose, lactate and BHB. Individual variations in response to the sampling procedures 
during shipment were probably the causes of such interactions. 
 
 
4. DISCUSSION 
 
The behaviour of bulls in transit was not affected by the movements (roll on and vibration) of 
vehicle during transport, as suggested by the absence of any significant differences in the hourly 
rates of all analysed behavioural categories during stationary versus travelling periods. Moreover, 
they did not show any preferences in standing orientation, irrespective of whether the vehicle was 
stationary or moving. This finding is in contrast with previous evidences showing that the 
preferred orientations during commercial cattle transport are parallel to or perpendicular to the 
direction of movement (Eldridge et al., 1986; Kenny and Tarrant, 1987; Tarrant et al., 1992; Nanni 
Costa et al., 2003; Tarrant and Grandin 2000). It is possible that the large space allowance during 
transport let the animals move easily in order to balance and maintain stability in a travelling 
vehicle, thereby making a particular standing orientation unnecessary. 
In the present study, bulls were observed in lying position during both stationary and travelling 
periods of the journey, although only for a short time. Kent and Ewbank (1983) observed six-
month old bulls lying down during a journey of about six hours while the vehicle was stationary or 
travelling along a motorway. We also observed bulls ruminating during journeys, especially during 
the stationary period. Usually, the ruminating reflex is inhibited during journey (Kent and Ewbank, 
1983; Grigor et al., 2004) and is thought to occur only when the animal is in a relaxed state 
(Trunkfield and Broom, 1990). In our study, bulls coming from different farms were loaded in the 
same compartment of the truck. Grouping of unfamiliar animals is found to increase aggressions 
and social stress (Tennessen et al., 1985; Bøe and Færevik, 2003; Færevik et al., 2007). In transit, 
bulls interacting agonistically and exploring the environment more frequently than in their farms. 
However, the mixed bulls did not show higher hourly rate of agonistic behaviour than no-mixed 
ones. Moreover, we did not detect any influence of mixing on all other of the behavioural 
categories considered. As reviewed by Swanson and Morrow-Tesch. (2001), a reduction of the 
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level of social and agonistic behaviours on a moving vehicle was often observed during cattle 
transportation.  
In order to assess cattle welfare during transport, the behaviour of cattle after transport should 
be analysed. In the present study particular attention was devoted to the changes concerning 
social behaviours of animals.. During the first two hours after unloading, bulls spent more time 
interacting with others than exploring the new pen. Moreover, a considerable increase of agonistic 
behaviour was observed; bulls displayed mounting and fighting especially towards unfamiliar 
individuals, probably in order to establish a dominance hierarchy. Four days after transport we 
observed a decrease of agonistic behaviour and a slight increase of affiliative behaviours. 
However, since the hourly rate of agonistic behaviour remained higher compared with what was 
observed on the farms of origin, probably the hierarchical relationships were not well established 
yet.  
Bulls undergoing transportation to genetic centre showed changes in blood clinical chemistry 
values, within normal pre-transport physiological ranges (Jain, 1986; Kaneko, 1989). In the current 
study, there was no significant change in haematocrit levels at off-loading compared with baseline 
values before transport. Ad libitum access to water in the farm’s pen prevented the animals from 
showing signs of dehydration such as an elevated haematocrit. In this study, journeys not longer 
than 6 hours increased the concentration of glucose and NEFA and decreased lactate 
concentration. Plasma glucose concentration increased after the journey in response to the 
increase in cortisol released during the stress of transport (Kent and Ewbank, 1983; Shaw and 
Tume, 1992). Activation of the hypothalamic-pituitary-adrenal axis (HPA) due to transport stress 
also may result in an increased plasma concentration of NEFAs (Swanson and Morrow-Tesch., 
2001). NEFA was found to increase in calves after a simulated short journey (Sartorelli et al., 1990) 
while no significant difference of NEFA levels before and after transport was detected in Holstein 
calves delivered to the slaughterhouse (Van de Water et al., 2003). After journey, the lactate 
concentration was lower than the pre-transport baseline level. Probably, some physical activity 
related to the blood sampling at the farms of origin is probably the cause of the difference 
detected. 
It is of interest that bulls had significantly lower concentrations of glucose and higher 
concentrations of NEFA and BHB four days after the journey compared with the pre-transport 
baseline values. A rise in circulating fatty acid and ketone bodies is associated with a mobilization 
of fat reserves in response to an energy deficiency (Penicaud et al., 2000). Probably, due to the 
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change of diet at the genetic station a transient deficit of energy occurred.. On the other hand, the 
significant decrease of urea concentration from T0 to T+4 suggests that the new diet was 
adequate for protein needs . 
Although there was no difference in CK plasma activity before and after the journey, it is not 
possible to exclude that animals did not experience any physical stress. Variations in haptoglobin 
concentration during and after transport have been detected in previous investigations (Early et 
al. 2010; Sporer at al., 2008), but the findings are inconsistent. In the present study, the change in 
haptoglobin between sampling times was very close to the statistic significance . Its concentration 
increased immediately after unloading with respect to pre-transport baseline and slightly decrease 
four 4 days later.  
Increase of environmental temperature inside transport road vehicles is considered a risk factor 
for animal welfare (AHAW, 2002). In the present study, the change of environmental temperature 
during the series of journeys was not negligible (from + 5.6 °C to + 28.4°C. Despite the wide range 
of temperatures experienced by the bulls, the extremes values were far from lower (LCT) and 
upper critical temperature (UCT) values for this category of cattle (AHAW, 2002). 
 
 
5. CONCLUSION 
 
Under the conditions of the present study, the stress imposed on AI candidate bulls by the 
journey to the genetic station caused slight changes in behavioural and blood parameters. 
Agonistic behaviours observed under the new housing conditions at the genetic centre were 
probably related to the natural tendency of bulls to establish dominance relationships and their 
decrease a few days after the formation of new groups may indicate that the animals reached in a 
short time a certain degree of social stability . Changes in the concentration of several blood 
variables immediately after the journey were transitory and related to the stress of transport, 
while those observed after 4 days were associated to the adaptation of the new social and rearing 
conditions.  
In conclusion, our results indicate that the conditions of pre-transport, transport and post 
transport of AI candidate bulls investigated in the present study may be considered satisfactory for 
their welfare. 
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Fig. 1.  
Comparison among the three contexts analysed (T-4, T0, T+4) for each behavioural category (different superscript 
letters indicate significant differences at P < 0.016 for the corresponding time point).  
Median (and 1st/3rd quartile) are given; whiskers show the minimum and maximum values. 
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Fig. 2.  
Comparison among behavioural categories analysed for each context (different letters are different at P < 0.05).  
Median (and 1st/3rd quartile) are given; whiskers show the minimum and maximum values. 
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Table 1  
Information about animals transported for each journey  
 
Journey Date 
Farm of 
origin 
N. of animals 
in the front 
compartment 
Space 
allowance 
(m
2
/head) 
Farm 
of 
origin 
N. of animals 
in the rear 
compartment 
Space 
allowance 
(m
2
/head) 
Total 
animals 
transported 
1 01/12/08 A 2# 3.75 F 2° 3.75 4 
2 26/01/09 
B 
C 
3 
2 
1.50 F 2 3.75 7 
3 20/04/09 
D 
E 
1* 
2* 
2.50 
G 
A 
2 
1 
2.50 6 
4 03/06/09 F 2 3.75 F 2 3.75 4 
5 13/07/09 F 2
●
 3.75 F 3 2.37 5 
 
Bold numbers indicate the animals coming from different rearing farms and mixed into the same truck compartment 
*Data of these subjects were not considered because transportation exceeded the 8-hour limit of short-distance 
journeys of EU regulation 1/2005. 
°Data during travelling and stationary phases and at T+4 are missing for these animals. 
# Data during stationary phase are missing for these animals. 
● 
Data at T+4 are missing for these animals. 
 
 
 
 
 
 
 
 
Table 2  
Transport condition for each journey 
 
 
Duration, Temperature (T) and Humidity (RH) are respectively expressed in minutes, centigrade and percentage. 
 
 
 
Journey Date 
Journey duration 
(means±SD) 
Stationary phase duration 
(means±SD) 
T (means±SD) 
RH  
 (means±SD) 
1 01/12/08 321±56 56±9.13 7.04±1.44 77.21±6.38 
2 26/01/09 275±1 48.25±14.70 5.89±2.07 78.32±7.83 
3 20/04/09 510±266 173.8±19,73 14.05±1.14 81.84±5.61 
4 03/06/09 230 40 27.96±2.03 34.27±6.99 
5 13/07/09 245 96 28.41±2.60 51.68±7.96 
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Table 3  
Behavioural categories recorded 
 
Behavioural patterns Description 
Agonistic behaviour Head to head pushing, sometimes followed by head to neck pushing, 
attempt to mount, mounting, pressing the muzzle on the another 
individual’s back.  
Affiliative behaviour Sniffing, touching and rubbing against the muzzle of another individual; 
licking another individual’s head, neck and/or shoulder areas. 
Environment explorative behaviours Sniffing substrate and air, sniffing, liking and biting an object in the 
environment.  
Conspecific explorative behaviours Sniffing the genitals of another individual sometimes followed by 
flehmen; sniffing body. 
Restlessness Changing from an orientation to another one (perpendicular, parallel and 
diagonal) during transport.  
Body posture Lying down or standing. 
Standing orientation Perpendicular, diagonal or parallel orientation to the long axis of the 
lorry. 
 
 
 
 
 
 
 
 
 
Table 4  
Comparison of the hourly rates of behavioural categories observed at each sampling time.  
 
 T-4 (n = 19 ) T0 (n = 21 ) T+4 (n = 17 ) 
Environment exploration vs Conspecific exploration t = 0, z = 3.62*** t = 60, z = 1.93 t = 39, z = 1.50 
Environment exploration vs Affiliative behaviour t = 4, z = 3.43*** t = 23, z = 3.22*** t = 46.5, z = 1.11 
Environment exploration vs Agonistic behaviour t = 1, z = 3.57*** t = 52, z = 2.21* t = 18, z = 2.59** 
Conspecific exploration vs Affiliative behaviour t = 45, z = 1.19 t = 36.5, z = 2.35* t = 47.5, z = 0.71 
Conspecific exploration vs Agonistic behaviour t = 36, z = 1.36 t = 12.5, z = 3.58*** t = 1, z = 3.35*** 
Affiliative behaviour vs Agonistic behaviour t = 29, z = 2.02* t = 0, z = 3.82*** t = 11, z = 3.10** 
 
We used the Wilcoxon Signed Rank test to compare the hourly rates of all behavioural categories observed in each 
context. *P≤0.05; **P≤0.01; ***P≤0.001. 
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Table 5.  
Least square means of blood parameters at different sampling time.  
 
 T-4 T0 T+4 SEM(*) 
Hematocrit (%) 35.66
A
 34.03
AB
 31.71
B
 0.9639 
Albumin
†
  (g/l) 32.36 31.44 31.40 1.1343 
UREA
†
   (mmol/l) 2.83
a
 2.91
A
 2.04
bB
 0.2392 
Total Protein  (g/l) 62.18 61.78 62.54 2.0870 
CK
†
     (UI/l) 145.83 132.43 228.01 39.6758 
Glucose
†
  (mmol/l) 4.83
A
 5.52
B
 4.35
C
 0.1447 
Lactate
†
   (mmol/l) 2.14
a
 1.36
b
 1.41
b
 0.2603 
BHB
†
   (mmol/l) 0.32
A
 0.34
A
 0.47
B
 0.0350 
NEFA
†
   (milleq/l) 0.18
a
 0.47
b
 0.32
c
 0.0869 
Haptoglobin (mg/ml) 4.07 5.96 5.48 0.1108 
Cortisol  (nmol/l) 20.41 41.18 12.34 0.2132 
 
(*) Standard Error of Means of transformed data. Means with different lowercase and uppercase superscripts are 
different at P<0.05 and P<0.01, respectively. 
Parameters marked with (
†
) were measured in plasma, others parameters were measured in serum. 
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CONCLUSION 
The aim of this thesis was to analyse the behavioural and physiological responses of young bulls 
and piglets to transport practice and to investigate if coping characteristics may affect how pigs 
cope with aversive situations.  
In the last years several evidences emerged on the importance of behavioural patterns in 
detecting animal stress response. For that reason, tools allowing to identify changes in behaviour 
and in individual behavioural characteristic are of major interest and cover a pivotal role in this 
thesis. 
Regarding the research on pigs, Chapter 1 could be considered a preliminary study. Two 
different immobilization tests already used to identify different coping styles such as Backtest and 
Tonic Immobility Test were examined. Experimenters have been trained to execute these tests 
before to select the subjects candidate to be used in further experiments.  
Although in literature these two tests are described as to be predictive for coping style, from 
the study reported in Chapter 1 emerged that the two tests classified in different way the tested 
subjects independently to the order of the tests. 
Because the large use and the more relevant evidences in literature for Backtest than Tonic 
Immobility Test, and considering the excessive heterogeneity between different Tonic Immobility-
class, the Backtest was chosen to classify piglets involved in the further experiments. 
The study reported in Chapter 2 shows how piglets were tested to search the behavioural 
differences between HR and LR subjects as classified by Back test during open field and novel 
object tests . Even if this study is presented before that carried out on piglet’s transportation, the 
subjects were part of the same experimental group. Since the two studies were carried out several 
days apart, the transport did not influence the results of behavioural tests. 
Open field test and Novel object test are two of most used tests in behavioural investigation, 
unfortunately they were unsuccessful to detect difference between HR and LR, and on the other 
hand they were useful to observe correlations between some behavioural patterns. 
In chapter 3 and 4 transport stress is evaluated.  
Chapter 3 shows the effect of transport on piglets with a live weight around 10 kg and close to 
the threshold indicated by the regulation to be considered fitted for long transport (> 8 h). Even if 
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several researches were carried out on fattening pigs, data on piglets transported with different 
group composition based on Backtest classification are missing. 
The environment conditions during transport were also considered. Collected data show a 
correlation between temperature and animal activity, even if the transport duration played an 
important role in animals’ fatigue. However, the results obtained on blood analyses show that 
transport did not affect piglets in a significant way, diverging from many results obtained in 
fattening pigs. It is possible to suppose that young individuals are more adaptable and their 
physical resistance is still understated. These doubts should encourage further research to better 
understand the reason of this difference.  
Another approach was used for cattle. Unfortunately there is not a test similar to Backtest or 
Tonic Immobility test for ruminants. Moreover, we had not the same control over the animal 
collection and transport condition as happened for the piglets. For these reasons animal 
behavioural and blood parameters were taken into account in order to evaluate the effect of the 
transport on a special category of young cattle. The changes observed in all parameters measured 
indicate that the condition of transport may be considered satisfactory for the welfare of young 
bull selected for genetic evaluation in a test station.  
It was interesting to observe that agonistic behaviour increased when the subjects changed 
their environment and/or their mates but it decreased after few days. This change is part of the 
adaptation to the new social and rearing condition which also involved some change in blood 
parameters. To avoid misunderstand in cause/effect relationship a multifactor approach 
considering both behavioural and blood analyses is necessary and is also useful to evaluate the 
stress response of animals. 
The topics presented in this thesis focused on the stress response of young individuals , a farm 
animal category  not often object of investigations. Moreover, the results presented contribute to 
the knowledge on behavioural analysis as approach for a better investigation on animal welfare 
during transport.  
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